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I. REAL PARTY IN INTEREST 

The party named in the caption of this Appeal Brief, Pedro M. Buarque de 
Macedo, of 6100 Highboro Drive, Bethesda, Maryland 20817, the United States of 
America, is the real party in interest. 

II. RELATED APPEALS AND INTERFERENCES 
None. 

III. STATUS OF THE CLAIMS 

All of the claims pending in this application, Claims 1, 5, 13, 14, 23, 27, 29-31, 
37, 42-47, 51-59 and 63-66, stand under final rejection, from which this Appeal is taken. 
The Panel Decision from the Pre-Appeal Brief Review dated December 27, 2007 
continued to maintain the final rejection of those Claims. 

Claims 2-4, 6-12, 15-22, 24-26, 28, 32-36, 38-41, 48-50 and 60-62 have been 
canceled without prejudice and are not on this Appeal. Of those canceled claims, Claims 
6-12, 15-22, 28, 32-36 and 38-41 were previously withdrawn in response to the 
restriction requirement and later canceled without prejudice in response to the 
Examiner's request in the Office Action dated March 3, 2006. Subsequently, Appellant 
filed a divisional application (U.S. patent application Serial No. 11/607,412) on 
December 1, 2006 to pursue some of the withdrawn claims or claims comparable in 
scope thereto. As of this writing, the pending claims of the divisional application stand 
under non-final rejection by the same Examiner who issued the final rejection in the 
subject application. 
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Attached hereto as Claims Appendix is a clean copy of Claims 1, 5, 13, 14, 23, 27, 
29-31, 37, 42-47, 51-59 and 63-66 involved in this Appeal. 1 

IV. STATUS OF AMENDMENTS 

On January 17, 2008, subsequent to final rejection and filing of the Notice of 
Appeal but prior to the filing of this Appeal Brief, Appellant submitted an Amendment 
pursuant to 37 C.F.R. § 41.33(a) to, inter alia, correct a minor informality in Claim 53 
which was identified by the Examiner in the August 24, 2007 Office Action. In response, 
the Examiner issued an Advisory Action with the mailing date of February 14, 2008, 
indicating that this Amendment would be entered for the purpose of appeal. No other 
amendment has been filed subsequent to the August 24, 2007 final rejection. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed subject matter of the present application as set forth in the claims on 
this Appeal is directed to prestressed, strong foam glass tiles that can be used as building 
materials in construction. In light of the ever-present danger of terrorist attacks, there 
has always been the need and desire to develop building materials that are capable of 
withstanding the shock waves and other destructive effects of a bomb explosion or the 
like. See Application, par. [0002]. 2 However, the traditional building materials such as 
reinforced concrete or prestressed concrete have various shortcomings as noted by the 
present application. See Application, par. [0003]. For example, while the prestressed 



1 CLAIMS APPENDIX to this Appeal Brief reflects the claims as amended by the January 17, 
2008 Amendment Pursuant to 37 C.F.R. § 41.33(a). The Examiner's Advisory Action with the 
mailing date of February 14, 2008 indicated that this amendment would be entered for the 
purpose of appeal. 

2 The Application paragraph numbers cited in this Appeal Brief correspond to the 
paragraph numbers appearing in the subject application as originally filed. 
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concrete has many advantages over the reinforced counterpart and has been used when 
stronger materials are desired, the prestressing of concrete requires complex support 
structure. In addition, the likely presence of water in the prestressed concrete tends to 
weaken the prestressed concrete structure under various conditions. See id. On the 
other hand, while the use of conventional foam glass as a construction material has been 
known, its typical use as a high temperature insulator requires minimization of its 
density and weight, which does not make it suitable for absorbing the sufficient amount 
of energy from the shock wave from a bomb explosion, or resisting an earthquake or 
wind/heat loading. See Application, pars. [0004] -[0012]. Accordingly, there is a need 
and desire for a building material which has the benefit of the added strength of the 
prestressed concrete while having a less weight and requiring less support structure, i.e., 
without having the shortcomings of the prestressed concrete. See id., par. [0003]. 

The present invention applies the prestressing technique to further strengthen 
foam glass tiles which already have a compression strength unattainable by prior art 
foam glass. Such strong foam glass tiles having a high compression strength are 
disclosed and claimed by U.S. patent application Serial No. 10/625,071 ("the '071 
Application"), which is another patent application filed by Appellant on the same day as 
the present application and which has been incorporated by reference in its entirety into 
the present application. See Application, par. [0026] (as amended by Amendment dated 
October 19, 2005); see also Declaration Under 37 C.F.R. § 1.132 dated May 1, 2007 ("the 
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Macedo Declaration"), pars. 19, 25 8c 26. 3 The '071 Application discloses novel strong 
foam glass tiles having small pore sizes with, inter alia, a compression strength of over 
10 3 000 psi (pounds per square inch). The pending claims of the '071 Application have 
been allowed by the U.S. Patent Office and the '071 Application issued as U.S. Patent No. 
7,311,965 B2 on December 25, 2007. 

The prestressed foam glass tiles as claimed in the present application are capable 
of absorbing a substantial portion of the blast energy from a shock wave of an explosion. 
See Application, par. [0029]. In addition, the prestressed foam glass tiles of the present 
invention are heat insulating and fire proof and capable of withstanding high 
temperature, wind loading and other mechanical forces resulting from an explosion. See 
Application, pars. [0022] & [0032], Accordingly, these prestressed foam glass tiles may 
be used on interior or exterior surfaces of buildings that are at risk of exposure to 
explosions or other types of terrorist attacks. See Application, pars. [0029] & [0032]. 

The claimed subject matter as set forth in independent Claims 1, 23, 42 and 54 on 
this Appeal are briefly summarized as follows: 

A. Independent Claim 1 

For independent Claim 1, the claimed subject matter is a prestressed foam glass 
tile with a prestress compression of 4,000 psi or greater, which had a compression 
strength of 10,000 psi or greater prior to being in the prestressed condition. Examples 5- 
7 described in TABLE 1 and paragraph [0052] of the present application disclose the 
foam glass tile having a compression strength of 10,000 psi or greater prior to being in 



3 A copy of the Macedo Declaration is included in EVIDENCE APPENDIX to this Appeal 
Brief. 
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the prestressed condition. While the amount of prestress level to produce a prestressed 
foam glass tile out of this strong foam glass tile may be arbitrary, it is well known to a 
person skilled in the art that the optimum amount of prestress level would make the 
tensile strength comparable to the compression strength. For the foam glass tiles of 
Examples 5-7 having the compression and tension strength values listed in TABLE 1 of 
the present application, one skilled in the art would understand that the optimum 
prestress level can be achieved at roughly 40% of the compression strength. 
Accordingly, the optimum prestress compression corresponding to the compression 
strength of 10,000 psi or greater is about 4,000 psi or greater. See Macedo Declaration, 
pars. 19-20; Amendment dated October 19, 2005 at 28; Amendment dated June 26, 
2006 at 16-17. 

B. Independent Claim 23 

For independent Claim 23, the claimed subject matter is a prestressed assembly 
for use in buildings or other structures comprising (1) at least one prestressed foam glass 
tile with a prestress compression of 4,000 psi or greater, which had a compression 
strength of 10,000 psi or greater prior to being in the prestressed condition; (2) at least 
two metal beams; and (3) one or more tension members. In the claimed prestressed 
assembly, the prestressed foam glass tile is placed between the two metal beams and 
held in compression of at least 4,000 psi by the tension members. 

As discussed in connection with the claimed subject matter for independent Claim 
1, Examples 5-7 described in TABLE 1 and paragraph [0052] of the present application 
disclose the foam glass tile having a compression strength of 10,000 psi or greater prior 
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to being in the prestressed condition. While the amount of prestress level to produce a 
prestressed foam glass tile out of this strong foam glass tile may be arbitrary, it is well 
known to a person skilled in the art that the optimum amount of prestress level would 
make the tensile strength comparable to the compression strength. For the foam glass 
tiles of Examples 5-7 having the compression and tension strength values listed in TABLE 
1 of the present application, one skilled in the art would understand that the optimum 
prestress level can be achieved at roughly 40% of the compression strength. The 
optimum prestress compression corresponding to the compression strength of 10,000 psi 
or greater is 4,000 psi or greater. See Macedo Declaration, pars. 19-20; Amendment 
dated October 19, 2005 at 28; Amendment dated June 26, 2006 at 16-17. 

An exemplary embodiment of the claimed subject matter is illustrated in FIG. 1 of 
the present application. FIG. 1 shows a prestressed assembly 10 comprising a 
prestressed foam glass tile 12 placed between two steel beams 26 which are bolted 
together and held in compression by two tension bolts 18 acting as tension members. 
See Application, pars. [0035] & [0053]. FIG. 2 shows another alternative embodiment 
for the claimed prestressed assembly 10A, comprising, inter alia, multiple foam glass tiles 
12A, 12B, 12C held between steel beams 26. See Application, par. [0047]. 

C. Independent Claim 42 

For independent Claim 42, the claimed subject matter is a prestressed foam glass 
tile with a prestress compression of 4,000 psi or greater and an average pore size of 1.0 
mm or less, as measured based on the distance between two farthest points of the pore 
surface. Examples 1-7 described in TABLE 1 and paragraph [0052] of the present 
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application disclose the foam glass tile having an average pore size (or characteristic 
length) of 1.0 mm or less (incorporating by reference Examples 3-9 of TABLE 3 & par. 
[0028] of U.S. Patent No. 7,311,965 B2). The amount of prestress level to produce a 
prestressed foam glass tile out of this strong foam glass tile may be arbitrary. As 
discussed above, it is well known to a person skilled in the art that the optimum amount 
of prestress level would make the tensile strength comparable to the compression 
strength. For the foam glass tiles of Examples 1-7 having the compression and tension 
strength values listed in TABLE 1 of the present application, one skilled in the art would 
understand that the optimum prestress level can be achieved at roughly 40% of the 
compression strength. Accordingly, the optimum prestress compression corresponding to 
the compression strength of Examples 5-7 in TABLE 1 is about 4,000 psi or greater. See 
Macedo Declaration, pars. 19-20; Amendment dated October 19, 2005 at 28; 
Amendment dated June 26, 2006 at 16-17. 
D. Independent Claim 54 

For independent Claim 54, the claimed subject matter is a prestressed assembly 
for use in buildings or other structures comprising (1) at least one prestressed foam glass 
tile with a prestress compression of 4,000 psi or greater and an average pore size of 1.0 
mm or less, as measured based on the distance between two farthest points of the pore 
surface; (2) at least two metal beams; and (3) one or more tension members. In the 
claimed prestressed assembly, the prestressed foam glass tile is placed between the two 
metal beams and held in compression of at least 4,000 psi by the tension members. 
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As discussed above in connection with the claimed subject matter for independent 
Claim 42, Examples 1-7 described in TABLE 1 and paragraph [0052] of the present 
application disclose the foam glass tile having an average pore size (or characteristic 
length) of 1.0 mm or less (incorporating by reference Examples 3-9 of TABLE 3 & par. 
[0028] of U.S. Patent No. 7,311,965 B2). The amount of prestress level to produce a 
prestressed foam glass tile out of this strong foam glass tile may be arbitrary. As 
discussed above, it is well known to a person skilled in the art that the optimum amount 
of prestress level would make the tensile strength comparable to the compression 
strength. For the foam glass tiles of Examples 1-7 having the compression and tension 
strength values listed in TABLE 1 of the present application, one skilled in the art would 
understand that the optimum prestress level can be achieved at roughly 40% of the 
compression strength. Accordingly, the optimum prestress compression corresponding to 
the compression strength of Examples 5-7 in TABLE 1 is about 4,000 psi or greater. See 
Macedo Declaration, pars. 19-20; Amendment dated October 19, 2005 at 28; 
Amendment dated June 26, 2006 at 16-17. 

An exemplary embodiment of the claimed subject matter is illustrated in FIG. 1 of 
the present application. FIG. 1 shows a prestressed assembly 10 comprising a 
prestressed foam glass tile 12 placed between two steel beams 26 which are bolted 
together and held in compression by two tension bolts 18 acting as tension members. 
See Application, pars. [0035] & [0053]. FIG. 2 shows another alternative embodiment 
for the claimed prestressed assembly 10A, comprising, inter alia, multiple foam glass tiles 
12A, 12B, 12C held between steel beams 26. See Application, par. [0047]. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 4 

A. Rejection of Claims 1, 5, 13, 14, 23, 27, 
29-31, 37, 42-47, 51-59 and 63-66 

Whether Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 are 
unpatentable under 35 U.S.C. § 103(a) over U.S. Patent No. 4,324,037 to Grady, II ("the 
Grady '037 Patent") in view of either U.S. Patent No. 3,292,316 to Zeinetz ("the Zeinetz 
'316 Patent") or U.S. Patent No. 4,450,656 to Lagendijk ("the Lagendijk '656 Patent") 
when considering either U.S. Patent No. 4,124,365 to Williams et al. ("the Williams '365 
Patent") or U.S. Patent No. 3,056,184 to Blaha ("the Blaha '184 Patent"), and further 
considering any of U.S. Patent No. 3,459,565 to Jones et al. ("the Jones '565 Patent"), 
U.S. Patent No. 3,592,619 to Elmer et al. ("the Elmer '619 Patent"), and U.S. Patent No. 
2,758,937 to Ford ("the Ford '937 Patent"). See August 24, 2007 Office Action at 3-6. 

B. Rejection of Claims 1, 5, 13, 14, 42-47, and 51-53 

Whether Claims 1, 5, 13, 14, 42-47 and 51-53 are unpatentable under 35 U.S.C. § 
103(a) over U.S. Patent No. 3,430,397 to Ellis ("the Ellis '397 Patent") in view of either 
the Zeinetz '316 Patent or the Lagendijk '656 Patent when considering either the 
Williams '365 Patent or the Blaha '184 Patent, and further considering any of the Jones 
'565 Patent, the Elmer '619 Patent, and the Ford '937 Patent. See August 24, 2007 Office 
Action at 6-8. 



4 A copy of each of the prior art references relied upon by the Examiner as to the grounds 
of the final rejection is included in the EVIDENCE APPENDIX to this Appeal Brief. 
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C. Rejection of Claims 23, 27, 29-31, 37, 54-59 and 63-66 

Whether Claims 23, 27, 29-31, 37, 54-59 and 63-66 are unpatentable under 35 

U.S.C. § 103(a) over the Ellis '397 Patent in view of either the Zeinetz '316 Patent or the 

Lagendijk '656 Patent when considering either the Williams £ 365 Patent or the Blaha '184 

Patent and further considering any of the Jones '565 Patent, the Elmer '619 Patent, and 

the Ford '937 Patent as applied to Claims 1, 5, 13, 14, 42-47 and 51-53, and further in 

view of the Grady '037 Patent. See August 24, 2007 Office Action at 8-10. 

VII. ARGUMENT 

A. Introduction 

The Examiner's final rejection of Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51- 
59 and 63-66 of the present application should be reversed because (1) it is contrary to 
the controlling Supreme Court and Federal Circuit precedents; (2) it fails to properly 
articulate the rationale for supporting rejections under 35 U.S.C. § 103, as set forth in 
the U.S. Patent Office's Examination Guidelines for Determining Obviousness Under 35 
U.S.C. 103 in View of the Supreme Court Decision in KSR International Co. v. Teleflex, 
Inc., 72 Fed. Reg. 57,526, 57,534 (Oct. 10, 2007) ("the KSR Guidelines") (see abo 
Manual of Patent Examining Procedure ("MPEP") §§ 2141, 2143 (8 th ed. 2007)); and (3) 
it misapplies the prior art references to the claimed invention. 

In the final rejection, the Examiner maintains the position that combinations of no 
less than nine prior art references 5 render the entire claimed invention obvious under 35 

5 In the first Office Action on the merits, the Examiner rejected the pending claims under 
35 U.S.C. § 103 relying on combinations of six prior art references. See July 22, 2005 Office 
Action, at 12-18. When Appellant traversed the rejection, the Examiner introduced yet three 
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U.S.C. § 103. However, the Examiner has never disputed that none of those nine 
references anticipates the claimed invention. As will be shown below in further detail, 
the Examiner's final rejection is contrary to the evidence showing that: 

• None of the prior art references relied upon by the Examiner, either 
individually or in combination, teaches or suggests the prestressing of a 
foam glass tile, let alone the claimed range of prestress compression, 
which is a key limitation in all of the claims on appeal. 

• Furthermore, none of the prior art references relied upon by the 
Examiner, either individually or in combination, shows a reasonable 
expectation of success for obtaining the claimed range of prestress 
compression. 

• Additionally, none of the prior art references relied upon by the 
Examiner, either individually or in combination, enables the claimed 
range of prestress compression or the claimed range of compression 
strength. 

• Additionally, none of the prior art references relied upon by the 
Examiner, either individually or in combination, teaches or suggests the 
claimed range of compression strength. 

• Furthermore, the prior art relied upon by the Examiner teaches away 
from the claimed range of prestress compression and compression 
strength. 

• In addition, there exists no apparent reason or proper motivation for a 
person of ordinary skill in the art to combine the prior art references 
relied upon by the Examiner to obtain the claimed ranges of prestress 
compression and pore sizes. 

In support of the foregoing arguments, Appellant had timely presented rebuttal 
evidence, including the inventor's declaration, 6 which further demonstrated that the 



more references for combination and has since relied on various combinations of nine prior art 
references to support his strained obviousness rejections. See March 3, 2006 Office Action; 
September 11, 2006 Office Action; and August 24, 2007 Office Action. 
6 Declaration Under 37 C.F.R. § 1.132 ("the Macedo Declaration") by Appellant and the 
inventor, Dr. Pedro M. Buarque de Macedo, was submitted to the Examiner on May 2, 2007, as 
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prior art combinations relied upon by the Examiner would have made no sense to a 
person of ordinary skill in the art, nor would they have led such person to the claimed 
invention. See Macedo Declaration, pars. 5-27. In view of the foregoing, the Examiner 
failed to establish a prima facie case of obviousness under 35 U.S.C. § 103, and to the 



part of the response to the September 11, 2006 Office Action. As noted above, a copy of the 
Macedo Declaration is included in the EVIDENCE APPENDIX to this Appeal Brief. 

In the subsequent August 24, 2007 Office Action, the Examiner summarily dismissed the 
Macedo Declaration, without addressing the substance therein, by taking a position that "the 
declaration of Pedro M. Buarque De Macedo appears to present nothing more than matter of 
opinion." August 24, 2007 Office Action at 13. The Examiner provided no explanation or 
rationale to rebut the evidence presented in the Macedo Declaration, nor did the Examiner 
provide any substantive explanations for supporting his dismissal of the Macedo Declaration. 

As an initial matter, it is submitted that the Macedo Declaration did not merely present a 
"matter of opinion." Instead, it provided further detailed analysis of the cited prior art and 
explained how the Examiner's rejection was based on misapplication of the prior art references to 
the claimed invention. It further presented evidence of the unexpected benefits of the claimed 
invention, including the test results. See Macedo Declaration, Par. 26 and FIGS. 1-3. However, 
the Examiner did not address any of this evidence in the final rejection,. 

When an applicant puts forth relevant rebuttal evidence, including the inventor's 
declaration, the Examiner must consider such evidence. See In re Sullivan, 498 F.3d 1345, 1351 
(Fed. Cir. 2007) (holding that the Board of Patent Appeals committed error by failing to consider 
the rebuttal evidence submitted by the applicant, which includes the inventors' declarations); see 
abo MPEP 716.01 ("Evidence traversing rejections, when timely presented, must be considered 
by the examiner whenever present. . . . Where the evidence is insufficient to overcome the 
rejection, the examiner must specifically explain why the evidence is insufficient. General 
statements . . . without an explanation supporting such findings are insufficient." (emphasis 
added)); KSR Guidelines, 72 Fed. Reg. at 57,534 ("Office personnel should consider all rebuttal 
evidence that is timely presented by the applicants when reevaluating any obviousness 
determination."). By failing to give any meaningful consideration to the rebuttal evidence 
present in the Macedo Declaration before arriving at his erroneous conclusion of obviousness, the 
Examiner committed a clear error. Had the Examiner considered or reviewed the Macedo 
Declaration in any meaningful way, he should have arrived at a different conclusion than he did 
in the August 24, 2007 Office Action. See In re Sullivan, 498 F.3d at 1353. Although meaningful 
consideration of the Macedo Declaration was requested by Appellant in his Pre-Appeal Brief 
Request for Review dated November 28, 2007, the December 27, 2007 Panel Decision from Pre- 
Appeal Brief Review, which continued to maintain the final rejection, did not indicate whether 
Appellant's request was ever addressed. Appellant respectfully requests that the Board of Patent 
Appeals and Interferences fully consider the Macedo Declaration and allow the claims on this 
Appeal. 
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extent that such case was deemed made, the Examiner erred in his finding that the 

claimed invention would have been obvious. 

B. Rejection Under 35 U.S.C. § 103(a) Over the Grady 
'037 Patent in View of Either the Zeinetz '316 
Patent or the Lagendijk '656 Patent When 
Considering Either the Williams '365 Patent or the 
Blaha '184 Patent, and Further Considering Any of 
the Jones '565 Patent, the Elmer '619 Patent, and 
the Ford '937 Patent Should Be Reversed 

1. Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 
51-59 and 63-66 Are Patentable Over the 
Prior Art 

a. Prior Art Does Not Teach or Suggest the 
Claimed Range of Prestress Compression 

A key limitation in all of the claims on appeal, as recited in independent Claims 1, 

23, 42 and 54, is "a prestress compression of 4,000 psi or greater" for the claimed 

prestressed foam glass tile. As explained below, none of the prior art references relied 

upon by the Examiner, either individually or in combination, teaches or even suggests 

any amount of prestressing of a foam glass tile, let alone the key limitation of "a 

prestress compression of 4,000 psi or greater ." Based on the foregoing reason alone, the 

Examiner's final rejection should be reversed. 

In the final rejection of Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 

63-66 under 35 U.S.C. § 103(a), the Examiner relies on extensive combinations of eight 

prior art references: (1) The Grady '037 Patent in combination with (2) the Zeinetz '316 

Patent or (3) the Lagendijk '656 Patent, further in combination with (4) the Williams 

'365 Patent or (5) the Blaha '184 Patent, and further in combination with (6) the Jones 

'565 Patent, (7) the Elmer '619 Patent, or (8) the Ford '937 Patent. See August 24, 2007 
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Office Action at 3-6. To establish prima facie obviousness of a claimed invention under 
35 U.S.C. § 103, all limitations in a claim must be taught or suggested by the prior art. 
See CFMZ Inc. v. YieldUp Int'l Corp., 349 F.3d 1333, 1342 (Fed. Cir. 2003); In re Royka, 
490 F.2d 981, 985 (C.C.P.A. 1974); see also MPEP § 2143.03 ("All words in a claim must 
be considered in judging the patentability of that claim against the prior art."). 
However, as shown below, none of the prior art references relied upon by the Examiner 
teaches or even suggests, either individually or in combination, a prestressed foam glass 
tile having any amount of prestress compression, let alone a prestress compression of 
4,000 psi or greater, a key limitation in the rejected claims. See Macedo Declaration, 
pars. 5-14. 

By the Examiner's own admission, the first reference upon which he relies, the 
Grady '037 Patent, does not disclose a foam glass tile, let alone a prestressed foam glass 
tile. See August 24, 2007 Office Action at 4 ("Grady, II does not present the tiles 82 as 
made of a foamed glass."); see also Macedo Declaration, par. 6. In an effort to combine 
with other references to obtain a foam glass tile under prestress compression, the 
Examiner contends, without much elaboration, that "the utilization of the foam glass 
units of Zeinetz '316 and Lagendijk £ 656 indeed involves prestressing of the foam glass 
units." August 24, 2007 Office Action, at 11. However, contrary to the Examiner's 
contention, neither the Zeinetz '316 Patent nor the Lagendijk £ 656 Patent teaches or even 
suggests prestressing of a foam glass tile under any amount of prestress compression. 
See Macedo Declaration, par. 7. 
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To support his position that the Zeinetz '316 Patent discloses prestressing of a 
foam glass material, the Examiner points to tension bars 36, 39 in FIG. 11 of the Zeinetz 
'316 Patent and asserts that these tension members hold foam glass tiles, citing Col. 4, 
lines 5-9 of the Patent. See August 24, 2007 Office Action at 4. However, contrary to the 
Examiner's assertion, FIG. 11 of the Zeinetz '316 Patent does not teach or suggest the 
prestressing of a foam glass tile under any amount of prestress compression. See Macedo 
Declaration, par. 8. 

The Zeinetz '316 Patent is directed to a roof structure, as shown in FIGS. 1 and 2 
of the Patent. In conjunction with FIG. 5, the Zeinetz '316 Patent further teaches that 
the seam 19, 119, 21 and 121 is adapted to fit the abutting lateral edge portions of 
adjacent roof elements (e.g., al, a2, b2, cl, c2, and d in FIG. 5). See Zeinetz '316 Patent, 
Col. 3, lines 1-7. FIG. 11 illustrates the section of FIG. 5 along the line B~B and 
represents "coupling means" for abutting roof elements. Id., Col. 2, lines 4-6 (emphasis 
added). In fact, the Zeinetz '316 Patent explicitly describes the tension bars 36 and 39 in 
FIG. 11 as "a locking means for use in connection with a U-shaped or tubular seam 19e, 
119e, 21e and 121e." Id., Col. 3, line 73 - Col. 4, line 4. In other words, the tension bars 
36 and 39 in FIG. 11 are merely coupling or connecting means in conjunction with the 
U-shaped/tubular seam 19, 119, 21, 121 to keep adjacent roof elements together. 
Nowhere in the Zeinetz '316 Patent is there any teaching or suggestion that the tension 
bars 36, 39 in FIG. 11 pointed out by the Examiner are the means for prestressing foam 
glass tiles, let alone providing prestress compression of 4,000 psi or greater. See Macedo 
Declaration, par. 8. 

Pa s el5of51 



In re Application of Pedro M. Buarque de Macedo 
Application No. 10/625,102 



It is also noted that the Zeinetz '316 Patent teaches that the rows of interengaging 
profiles 19, 119, 21, 121 which keep each roof element in wedged engagement with the 
adjacent elements may render possible the "prestressing of the shell of the cupola." 
Zeinetz '316 Patent, Col. 3, lines 7-17. As evidenced by the Macedo Declaration, it 
would be clear to a person of ordinary skill in the art that such "prestressing of the shell 
of the cupola" only refers to providing a structural support to a dome by keeping all the 
roofing elements together in wedged engagement, hence "self-supporting roof as the 
tide of the Zeinetz '316 Patent states. However, as understood by a person of ordinary 
skill in the art, this is different from the prestressing applied to foam glass tiles to further 
strengthen them in accordance with the present invention. See Macedo Declaration, par. 
9; see also EDWARD G. NAWY, PRESTRESSED CONCRETE: A FUNDAMENTAL 
APPROACH 8-10 (1989) 7 (defining prestressing as used in the present application). 
Furthermore, such person would also understand that the wedged engagement with 
neighboring elements as shown in the Zeinetz '316 Patent cannot possibly provide a 
prestress compression of 4,000 psi or greater. See Macedo Declaration, par. 9. 
Therefore, the Zeinetz '316 Patent does not teach or even suggest at all the prestressing 
of a foam glass tile under a prestress compression of 4,000 psi or greater as required by 
the claims on this Appeal. 

Moreover, the Zeinetz '316 Patent teaches a litany of roofing materials that could 
be used, including glass, wood, synthetic plastic, concrete, porous concrete, foamed 
plastic, foamed glass, cardboard, sheet metal, wool, cork and fiber board. These 



A copy of the relevant portions of the Nawy reference is included in the EVIDENCE 
APPENDIX to this Appeal Brief. 
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materials are used in a multi-layer structure where each layer is for a different purpose 
such as a "moisture-insulating layer" consisting of a "heat insulating layer/' a "load 
sustaining layer" and a "sound absorbing layer." See Zeinetz '316 Patent, Col. 4, lines 8- 
15. The kind of layer that "foamed glass" may be used for is not taught. However, the 
load sustaining layer, which is the layer that would potentially be under compression, "is 
made of concrete, for example." Id., Col. 4, line 14. There is no teaching or suggestion 
that the load sustaining layer could be made of prestressed foam glass tiles, let alone 
foam glass tiles having a prestress compression of 4,000 psi or greater. See Macedo 
Declaration, par. 10. 

To support his position that the Lagendijk '656 Patent discloses prestressing of a 
foam glass material, the Examiner points to the inner bracing cables 33, 34, the cross tie 
cables 36, the lower running cable 45, etc. that form the suspended roof structure in 
Figs. 1 and 2 of the Lagendijk '656 Patent as showing tension members holding foamed 
glass units in place, citing Col. 3, lines 30-60 and Col. 4, lines 34-37 as well as Fig. 6 of 
the Patent. See August 24, 2007 Office Action at 4. However, contrary to the Examiner's 
assertion, none of the figures and text portions of the Lagendijk '656 Patent relied upon 
by the Examiner teaches or even suggests the prestressing of a foam glass tile under any 
amount of prestress compression, let alone a prestress compression of 4,000 psi or 
greater as required by the claims on this Appeal. See Macedo Declaration, par. 11. 

Like the Zeinetz £ 316 Patent, the Lagendijk '656 Patent is also directed to a roof 
structure, which, in the case of the Lagendijk '656 Patent, is composed of a wire mesh or 
netting with a sprayed polyurethane foam on top. See Lagendijk '656 Patent, Col. 4, 
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lines 18-20. What the cited portion of Lagendijk '656 Patent suggests, at best, is the use 
of sprayed polyurethane foam (which is not a foam glass tile) or stiff elements of foam 
glass as a roof-covering material. See Lagendijk '656 Patent, Col. 4, lines 4-44. The 
Examiner further points to the inner bracing cables 33, 34, the cross tie cables 36, the 
lower running cable 45, etc. that form the suspended roof structure in Figs. 1 and 2 of 
the Lagendijk '656 Patent as showing "tension members." However, nowhere in the '656 
Patent is there any teaching or even suggestion that those "tension members" contribute 
to prestressing of foam glass materials (or even the disclosed polyurethane foam 
materials) used as the roof covering materials under any amount of prestress 
compression. See Macedo Declaration, par. 12. 

According to the Lagendijk '656 Patent, the alleged "tension members" form a 
part of a tensioned roof structure to which a fine mesh net is anchored. The Lagendijk 
c 656 Patent further teaches that the roof covering material, which may contain foam 
glass material, is applied on the mesh net after the alleged "tension members" and 
associated mesh nets are tensioned. See Lagendijk '656 Patent, Col. 3, lines 47-54 ("This 
net or both nets, together with the post-tensioning of the roof structure, have been 
tensioned up to the final design tension, before at least a first layer of the roof covering 
is applied ." (emphasis added)); id., Col. 4, lines 3-10; see also generally id., Col. 6, line 42 
- Col. 8, line 14. Hence, as evidenced by the Macedo Declaration, a person of ordinary 
skill in the art would understand from the Lagendijk '656 Patent that it is physically and 
technically impossible for the "tension members" - the cable structure pointed by the 
Examiner - to provide any amount of prestress compression to the roof covering 
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materials which are, according to the teaching of the Lagendijk '656 Patent, to stay 
above those "tension members" and are applied after the bars are tensioned, not before . 
See Lagendijk '656 Patent, Col. 9, lines 44-45; see also Macedo Declaration, par. 12. 

Furthermore, Fig. 6 and Col. 9, lines 49-55 of the Lagendijk '656 Patent teach the 
securing of foam glass elements 65, which are used as part of the roof covering, to the 
glass-fibre mats 60, 61 by adhesive 66, thus providing an alternative means for 
reinforcing these foam glass materials and thereby teaching away from the prestressing 
as means for reinforcing these foam glass materials. By definition, this alternative 
structure is again not prestressed since it is applied on top of the mesh net after the 
"tension members" are already in place and tensioned. Nowhere in the Lagendijk '656 
Patent is there any showing or suggestion that the foam glass elements 65 amid the 
adhesive 66 shown in Fig. 6 be prestressed by any "tension members" such as the inner 
bracing cables 33, 34, the cross tie cables 36, the lower running cable 45, or any other 
component of the disclosed roof structure. See Macedo Declaration, par. 13. 
Accordingly, contrary to the Examiner's assertion, the Lagendijk '656 Patent does not 
teach or even suggest the prestressing of a foam glass tile under any amount of 
prestressing, let alone the prestress compression of 4,000 psi or greater. 

Neither Williams '365 Patent, nor the Blaha '184 Patent, nor the Jones '565 
Patent, nor the Elmer '619 Patent, nor the Ford '937 Patent teaches or suggests 
prestressing of a foam glass tile under any amount of prestress compression, let alone 
under prestress compression of 4,000 psi or greater. See Macedo Declaration, par. 14. 
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The Examiner provides no contrary contention on this point in the August 24, 2007 
Office Action. 

In summary, none of the eight prior art references relied upon by the Examiner- 

the Grady '037 Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the Williams 

'365 Patent, the Blaha '184 Patent, the Jones '565 Patent, the Elmer '619 Patent, the Ford 

'937 Patent- discloses or even suggests, either individually or in combination, a 

prestressed foam glass tile having any amount of prestress compression, let alone a 

prestressed foam glass tile having a prestress compression of 4,000 psi or greater, as 

required by all of the claims involved in this Appeal. Therefore, the Examiner has not 

established a prima facie case of obviousness of Claims 1, 5, 13, 14, 23, 27, 29-31, 37 

and 42-47, 51-59 and 63-66 over the above-cited prior art under 35 U.S.C. § 103(a). 

Accordingly, Appellant is entitled to reversal of the Examiner's final rejection and 

allowance of these claims on this Appeal over the Grady '037 Patent, the Zeinetz '316 

Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha 184 Patent, the 

Jones '565 Patent, the Elmer '619 Patent, and the Ford '937 Patent. See In re Oetiker, 

977 F.2d 1443, 1445 (Fed. Cir. 1992) ("If examination at the initial stage does not 

produce a prima facie case of unpatentability, then without more the applicant is entided 

to grant of the patent."). 

b. Prior Art Also Does Not Show a 
Reasonable Expectation of Success for 
Obtaining the Claimed Range of 
Prestress Compression 

Another reason why the Examiner fails to establish a prima facie case of 

obviousness with respect to the rejected claims is that none of the prior art references 
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relied upon by the Examiner, either individually or in combination, shows that there 
would be a reasonable expectation of success for a person of ordinary skill in the art to 
achieve the claimed invention based on the alleged prior art combinations. Evidence 
showing that there was no reasonable expectation of success may support a conclusion of 
non-obviousness. See MPEP § 2143.02; see abo In re Vaeck, 947 F.2d 488, 493 (Fed. Cir. 
1991); Amgen, Inc. v. Chugai Pharm. Co., 927 F.2d 1200, 1207-08 (Fed. Cir. 1991); In re 
Rinehart, 531 F.2d 1048, 1053-54 (C.C.P.A. 1976). 

In support of the final rejection, the Examiner further contends that "[a]pplying a 
pre-compressive force of from 1,000 to 5,000 psi to the resulting assembled foam glass 
units, thus affording as much recovery from the effects of a greater degree of overload, 
would have constituted a further obvious expedient to one having ordinary skill in the 
art at the time the invention was made." August 24, 2007 Office Action at 5. However, 
the Examiner's contention must fail in view of the evidence showing that there was no 
reasonable expectation of success by a person of ordinary skill in the art for obtaining a 
prestressed foam glass tile having a prestress compression of 4,000 psi or greater based 
on the prior art combinations relied upon by the Examiner. As evidenced by the Macedo 
Declaration and addressed in the previous section of this Appeal Brief, none of the prior 
art references relied upon by the Examiner discloses or even suggests the prestressing of 
a foam glass tile under any amount of a prestress compression, let alone a prestress 
compression within the claimed range of 4,000 psi or greater. In the absence of any 
teaching of prestressing of a foam glass tile, a person of ordinary skill in the art would 
not be reasonably expected to succeed in obtaining the subject matter of the rejected 
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claims, including a prestressed foam glass tile under a prestress compression of 4,000 psi 
or greater, merely on the basis of the prior art relied upon by the Examiner. 

In response to Appellant's arguments and evidence set forth in the May 2, 2007 
Reply to September 11, 2007 Final Office Action, the Examiner provided a new rationale, 
namely "obvious to try," for supporting the final rejection, citing KSR Int'l Co. v. Teleflex 
Inc., 82 U.S.P.Q.2d (BNA) 1385 (U.S. 2007). See August 24, 2007 Office Action at 12. 
To reject a claim based on this rationale, the Examiner must articulate, inter alia, "a 
finding that one of ordinary skill in the art could have pursued the known potential 
solutions with a reasonable expectation of success ." KSR Guidelines, 72 Fed. Reg. at 
57,532 (emphasis added); see also KSR, 82 U.S.P.Q.2d at 1397 (holding that the fact that 
a combination was obvious to try might show that it was obvious under 35 U.S.C. § 103 
if, inter alia, a person of ordinary skill pursuing the known options within his or her 
technical grasp is led to the anticipated success) ; MPEP § 2143 (E). However, other than 
merely reciting the guideline for supporting the "obvious to try" rationale set forth by the 
Supreme Court in KSR, the Examiner did not articulate how a person of ordinary skill in 
the art could have pursued, with a reasonable expectation of success, the allegedly 
known potential solutions disclosed in the prior art to obtain the claimed foam glass tile 
having a prestress compression of 4,000 psi or greater. The Examiner simply could not, 
since, as Appellant showed in the previous paragraphs, no reasonable expectation of 
success can be found from the prior art combinations that do not teach or suggest any 
amount of prestress compression for the claimed foam glass tile. The Examiner has also 
failed to show any foam glass tile materials which could be used to be prestressed under 
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4,000 psi or greater. Since the finding of a reasonable expectation of success cannot be 

made, the Examiner's new "obvious to try" rationale cannot be used to support his 

conclusion that the claims under final rejection would have been obvious to one of 

ordinary skill in the art. See KSR Guidelines, 72 Fed. Reg. at 57,532; MPEP § 2143 (E). 

Based on at least the foregoing reasons, the Examiner has not established a prima 

facie case of obviousness of Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63- 

66 over prior art under 35 U.S.C. § 103(a). Accordingly, Appellant is entitled to reversal 

of the Examiner's final rejection and allowance of these claims on this Appeal over the 

Grady '037 Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the Williams '365 

Patent, the Blaha '184 Patent, the Jones '565 Patent, the Elmer '619 Patent, and the Ford 

'937 Patent. See In re Oetiker, 977 F.2d at 1445. 

c. Prior Art Also Does Not Enable the 
Claimed Range of Prestress 
Compression 

Furthermore, to render an invention unpatentable for obviousness, the prior art 
must enable one of ordinary skill in the art to make and use the invention. See KSR, 82 
U.S.P.Q.2d at 1396 ("[I]f a technique has been used to improve one device, and a person 
of ordinary skill in the art would recognize that it would improve similar devices in the 
same way, using the technique is obvious unless its actual application is beyond his or 
her skill ." (emphasis added)); In re Kumar, 418 F.3d 1361, 1368 (Fed. Cir. 2005) 
("[W]hen a prima facie case of obviousness is deemed made based on similarity to a 
known composition or device, rebuttal may take the form of evidence that the prior art 
does not enable the claimed subject matter."); id. at 1369 ("To render a later invention 
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unpatentable for obviousness, the prior art must enable a person of ordinary skill in the 
field to make and use the later invention."); see also In re Payne, 606 F.2d 303, 314-15 
(C.C.P.A. 1979) ( a [T]he presumption of obviousness based on close structural similarity 
is overcome where the prior art does not disclose or render obvious a method for making 
the claimed compound."). 

None of the prior art references relied upon by the Examiner, including the 
Zeinetz '316 Patent and the Lagendijk £ 656 Patent, provides any disclosure (e.g., by way 
of prestress compression measurements) or cite any supporting reference that would 
enable one of ordinary skill in the art to prestress a foam glass tile under any amount of 
prestress compression, let alone the claimed range of 4,000 psi or greater. Accordingly, 
even if a prima facie case of obviousness was deemed made based on the prior art 
combinations relied upon by the Examiner, which Appellant contends it cannot, such 
prima facie case is rebutted by the evidence showing that none of the prior art references 
relied upon by the Examiner teaches or suggests the claimed range of prestress 
compression for a prestressed foam glass tile. See Macedo Declaration, pars. 5-14. 
Accordingly, based on the foregoing reason alone, the final rejection of Claims 1, 5, 13, 
14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 by the Examiner is in error and should be 
reversed. 
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2. Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 Are 
Patentable Over the Prior Art 

a. Prior Art Also Does Not Teach or 
Suggest the Claimed Range of 
Compression Strength 

Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 of the present application require, inter 
alia, "a compression strength of 10,000 psi or greater prior to being in a prestressed 
condition" for the claimed prestressed foam glass tile, in addition to "a prestress 
compression of 4,000 psi or greater." To support the final rejection of those claims, the 
Examiner further takes the position that either the Williams '365 Patent or the Blaha '184 
Patent suggests a foam glass tile having a compression strength of 10,000 psi or greater. 
See August 24, 2007 Office Action at 4. However, the Examiner's position is again 
erroneous, as none of the prior art references relied upon by the Examiner teaches or 
suggests a foam glass tile having a compression strength within the claimed range of 
10,000 psi or greater. See Macedo Declaration, pars. 15-18 & 21-23. 

Significantly, the Examiner does not contend that any of the prior art references 
relied upon by him discloses a foam glass tile having a compression strength of 10,000 
psi or greater. There is no dispute that none of the prior art references relied upon by 
the Examiner discloses the claimed range of compression strength. Rather, as the basis 
of his obviousness conclusion, the Examiner merely points to the portions of the Williams 
'365 Patent and the Blaha '184 Patent disclosing the ranges of compression strength that 
do not overlap with, nor do they come close to, the claimed range of 10,000 psi or 
greater as required by the rejected claims. See August 24, 2007 Office Action at 4 & 11. 
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More specifically, the Examiner points to the following portion of the Williams 
'365 Patent: "Such a material should be readily available, easily formed in lengths up to 
100 feet, be able to withstand a stress of 5,000-8,000 psi . . ." Williams '365 Patent, Col. 
1, lines 36-38 (emphasis added). This disclosed range falls short of and does not overlap 
at all with the claimed range of compression strength of a foam glass tile starting from 
10,000 psi and higher as required by the rejected claims. This difference in compression 
strength is substantial. See Macedo Declaration, par. 16. Accordingly, the Examiner's 
reliance on the Williams '365 Patent to support his obviousness conclusion is misplaced. 8 

The Examiner also points to a portion in the Blaha 184 Patent disclosing a slab of 
cellular, agglomerated material having a compression strength "in excess of 1200 pounds 
per square inch." Blaha 184 Patent, Col. 3, lines 26-28. The compression strength of 



8 Moreover, the Williams' '365 Patent does not even disclose "foam glass tiles, " let alone 
" prestressed foam glass tiles " as required by the present claims. Indeed, the following portion of 
the Williams '365 Patent cited by the Examiner in support of his position is the evidence: " In such 
form, the foamed glass product can be used as a structural member in a number of industries 

including the housing industry as a bearing member " Williams '365 Patent, Col. 1, lines 19- 

22 (emphasis added); see also August 24, 2007 Office Action at 4 (citing the foregoing portion of 
the Williams '365 Patent). However, "such form" in the cited portion of the Williams '365 Patent 
refers to a "foamed glass" produced "in the form of elongate members, more particularly in the 
form of hollow elongate cylinders " as recited in the sentence in the Williams '365 Patent just 
before the cited portion, not as tiles . Hence, it is clear that the Williams '365 Patent is directed 
to an elongate structure of foam glass rather than foam glass tiles as in the present invention. In 
fact, the description of the preferred embodiment of the Williams '365 Patent is directed to 
production of foam glass in the form of hollow elongate cylinders so that it can be used as 
conduit such as sewer pipe, telephone pole, or power line. See Williams '365 Patent, Col. 1, lines 
14-25 & FIG. 3. However, a person of ordinary skill in the art would understand that, unlike in 
the case of foam glass tiles, prestressing of these foam glass hollow elongate cylinders (which are 
to be used as conduit, telephone poles, etc.) would not be desirable, nor is it technically feasible 
or economical. Accordingly, a person of ordinary skill in the art would not find any apparent 
reason or motivation to apply prestressing to a foam glass product described in the Williams '365 
Patent, but would rather be taught away from doing so. See Macedo Declaration, par. 17. This 
is one more reason why the Examiner's reliance on the Williams '365 Patent is misplaced. 
Moreover, there is no reason why anyone skilled in the art would turn to the teachings in the 
Williams '365 Patent on how to make foam glass elongated cylinders to allegedly apply 
"prestressing" when considering the roofing materials relied upon by the Examiner. 
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1,200 psi as disclosed by the Blaha 184 Patent falls far short of 10,000 psi, the lower 
end of the claimed range of compression strength required by the rejected claims. To 
overcome this apparent deficiency, the Examiner further relies on a vague statement of 
objective taken from a different portion of the Blaha 184 Patent that the cellular 
material is to be "sufficiently strong to be used for structural purposes." Blaha 184 
Patent, Col. 1, lines 27-28; see also August 24, 2007 Office Action at 4 & 11. However, 
such open-ended statement alone, without any adequate enabling disclosure, cannot 
enable, or provide any apparent reason to motivate, a person of ordinary skill in the art 
to achieve, with a reasonable expectation of success, the dramatic increase in 
compression strength of a foam glass tile from a mere 1,200 psi as disclosed by the Blaha 
184 Patent to over 10,000 psi required by the rejected claims. See Macedo Declaration, 
par. 18. Rather, such statement would teach away the skilled person from being 
motivated to reach beyond 1,200 psi to achieve the claimed range of 10,000 psi or 
greater. Moreover, this statement does not teach that the resulting material can or 
should be prestressed. If anything, it teaches that prestressing would be unnecessary. 
Simply put, the Blaha 184 Patent does not teach or suggest at all a foam glass tile having 
a compression strength within the claimed range of 10,000 psi or greater, let alone a 
prestressed foam glass tile with the claimed compression strength and prestress 
compression. Accordingly, the Examiner's reliance on the Blaha 184 Patent to support 
his obviousness conclusion is likewise misplaced. 

To establish a prima facie case of obviousness of a claimed invention under 35 
U.S.C. § 103, all limitations in a claim must be taught or suggested by the prior art. See 
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CFMT, Inc., 349 F.3d at 1342; In re Royka, 490 F.2d at 985; see also MPEP § 2143.03. 

However, as shown above, none of the prior art references relied upon by the Examiner, 

including the Williams '365 Patent and the Blaha 184 Patent, teaches or suggests "a 

compression strength of 10,000 psi or greater prior to being in a prestressed condition" 

for the claimed prestressed foam glass tile, which is one of the limitations of Claims 1, 5, 

13, 14, 23, 27, 29-31 and 37 under final rejection. Based on the foregoing reason alone, 

the Examiner failed to establish a prima facie case of obviousness of Claims 1, 5, 13, 14, 

23, 27, 29-31 and 37 over the prior art under 35 U.S.C. § 103(a), and as such, Appellant 

is entitled to reversal of the Examiner's final rejection and allowance of these claims. See 

In re Oetiker, 977 F.2d at 1445. 

b. Prior Art Also Teaches Away from the 
Claimed Range of Prestress Compression 

Another reason why the Examiner's final rejection of Claims 1, 5, 13, 14, 23, 27, 

29-31 and 37 over prior art should be reversed is that there is no apparent reason to 

combine the prior art as the prior art relied upon by the Examiner teaches away from the 

combination to obtain the claimed invention. "[W]hen the prior art teaches away from 

combining certain known elements, discovery of a successful means of combining them 

is more likely to be non-obvious. . . . The fact that the elements worked together in an 

unexpected and fruitful manner supported the conclusion that [the claimed 

invention] was not obvious to those skilled in the art." KSR Infl Co. Teleflex Inc., 82 

U.S.P.Q.2d (BNA) 1385, 1395 (U.S. 2007). Furthermore, even when there is a 

presumption of obviousness based on a claimed invention that falls within a range 

disclosed by the prior art, such presumption can be rebutted if the prior art teaches away 
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from the claimed invention, or if there are new and unexpected results relative to the 
prior art. See Iron Grip Barbell Co. v. USA Sports, Inc., 392 F.3d 1317, 1322 (Fed. Cir. 
2004); see also MPEP § 2144.05 (III). As shown below and evidenced by the Macedo 
Declaration, the range of compression strength of foam glass product disclosed by the 
prior art relied upon by the Examiner would teach away a person of ordinary skill in the 
art from prestressing the foam glass product under a prestress compression of 4,000 psi 
or greater, a key limitation in all of the claims in this Appeal. 

As evidenced by the Macedo Declaration, it is well known to those skilled in the 
art of prestresssing that by prestressing a product, the resulting compression strength of 
the prestressed product will decrease by the prestress amount while the resulting tension 
strength will increase by the same amount. It is also well understood by those skilled in 
the art that it is desirable to achieve the optimum amount of prestress level by making 
the tension strength comparable to the compression strength as the result of prestressing. 
In other words, the optimum prestress level is one half of the difference between the 
compression strength and the tension strength under non-prestressed condition. See 
Macedo Declaration, par. 20; see also generally EDWARD G. NAWY, PRESTRESSED 
CONCRETE: A FUNDAMENTAL APPROACH 8-13 (1989) (a copy included in the 
EVIDENCE APPENDIX to this Appeal Brief). Based on these principles, the optimum 
prestress level for the foam glass tiles described in TABLE 1 of the present application is 
calculated to be approximately 44% of the compression strength of the foam glass tile 
prior to being in the prestressed condition. For example, for a foam glass tile having a 
compression strength of 10,000 psi prior to being in a prestressed condition, the 
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corresponding optimum prestress compression is approximately 4,400 psi; for the one 
having a compressional strength of 12,500 psi prior to being in a prestressed condition, 
the corresponding optimum prestress compression is approximately 5,500 psi, etc. See 
Macedo Declaration, par. 20. 

There is no dispute that none of the compression strength ranges disclosed by the 
prior art references relied upon by the Examiner reaches anywhere near 10,000 psi. At 
best, the maximum compression strength disclosed by the prior art relied upon by the 
Examiner is 8,000 psi, which is casually mentioned by the Williams '365 Patent without 
any enabling disclosure, for an elongated tube, not a foam glass tile. 9 Based on the 
principles discussed above, for a foam glass tile having the maximum disclosed 
compression strength of 8,000 psi, a person of ordinary skill in the art would desire to 
achieve the optimum prestress compression of about 44% of 8,000 psi, or about 3,500 
psi, which is less than the claimed range of 4,000 psi or greater. See Macedo 
Declaration, par. 21. 

Accordingly, even if the Williams '365 Patent is deemed to be providing an 
enabling disclosure for a person of ordinary skill in the art to achieve a foam glass tile 
having a compression strength of up to 8,000 psi, which Appellant contends that it does 
not for the reasons discussed in the next section, such person still would be taught away 
from applying a prestress compression of 4,000 psi or greater to this foam glass tile since 
that would deviate from the optimum prestress compression level as understood by those 
skilled in the art. Such person would instead apply a prestress compression of at most 

9 This difference in structure leads to different geometries which affect the relative strength 
of the resulting materials. See Macedo Declaration, pars. 17 & 22. 
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3,500 psi or less, corresponding to the optimum prestress compression for the ranges of 
foam glass compression strength disclosed by the prior art relied upon by the Examiner. 
See Macedo Declaration, par. 21. The fact that the prior art relied upon by the Examiner 
provides no apparent reason for the alleged prior art combinations, but rather teaches 
away from them further supports Appellant's position that the elements of the claimed 
invention set forth in the claims work together in an unexpected and fruitful manner and 
are therefore not obvious over the prior art. See KSR, 82 U.S.P.Q.2d at 1395-96. 

To support obviousness rejections based on prior art combination, the Examiner 
must articulate, inter alia, "a finding that one of ordinary skill in the art would have 
recognized that the results of the combination were predictable ." KSR Guidelines, 72 
Fed. Reg. at 57,529 (emphasis added); MPEP § 2143 (A); see also KSR, 82 U.S.P.Q.2d at 
1396 ("[A] court must ask whether the improvement is more than the predictable use of 
prior art elements according to their established functions." (emphasis added)). 
However, no such finding was made by the Examiner in the August 24, 2007 Office 
Action, despite his reliance on extensive combinations of no less than nine references. In 
fact, since the prior art relied upon by the Examiner teaches away from the claimed 
combinations as shown above, no person of ordinary skill in the art could have 
recognized that the results of the combination were predictable. 

Based on the foregoing reasons, the Examiner failed to establish a prima facie case 
of obviousness with respect to Claims 1, 5, 13, 14, 23, 27, 29-31 and 37. Even if a prima 
facie case of obviousness was deemed made based on the ranges of foam glass 
compression strength disclosed by the Williams '365 Patent or the Blaha 184 Patent, 
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which Appellant contends it cannot, such prima facie case is rebutted by the evidence 

showing that the prior art ranges of compression strength would teach away those skilled 

in the art from applying a prestress compression of 4,000 psi or greater to a foam glass 

tile to achieve the claimed invention. Hence, the final rejection of Claims 1, 5, 13, 14, 

23, 27, 29-31 and 37 over prior art is in error and should be reversed. 

c. Prior Art Also Does Not Enable the 
Claimed Range of Compression 
Strength 

Furthermore, none of the prior art relied upon by the final rejection enables the 
claimed range of compression strength set forth in the rejected claims. To render an 
invention unpatentable for obviousness, the prior art must enable one of ordinary skill in 
the art to make and use the invention. See KSR, 82 U.S.P.Q.2d at 1396 ("[I]f a technique 
has been used to improve one device, and a person of ordinary skill in the art would 
recognize that it would improve similar devices in the same way, using the technique is 
obvious unless its actual application is beyond his or her skill ." (emphasis added)); In re 
Kumar, 418 F.3d 1361, 1368 (Fed. Cir. 2005) ("[W]hen a prima facie case of 
obviousness is deemed made based on similarity to a known composition or device, 
rebuttal may take the form of evidence that the prior art does not enable the claimed 
subject matter."); id. at 1369 ("To render a later invention unpatentable for obviousness, 
the prior art must enable a person of ordinary skill in the field to make and use the later 
invention."); see also In re Payne, 606 F.2d 303, 314-15 (C.C.P.A. 1979) ( a [T]he 
presumption of obviousness based on close structural similarity is overcome where the 
prior art does not disclose or render obvious a method for making the claimed 
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compound."). Since none of the prior art references relied upon by the Examiner 
provides an enabling disclosure that would allow those skilled in the art to make a foam 
glass tile with a compression strength of 10,000 psi or greater, the final rejection of 
Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 is in error and should be reversed. 

The Williams '365 Patent does not provide any disclosure (by way of compression 
strength measurements, for example) or cite to any supporting reference that would 
enable a person of ordinary skill in the art to achieve a foam glass tile having a 
compression strength of 10,000 psi or greater as required by the rejected claims. In fact, 
the Williams '365 Patent does not even provide an enabling disclosure for making the 
elongated tube having a length of up to 100 feet and a compression strength of up to 
8,000 psi, which it casually mentions. See Williams '365 Patent, Col. 1, lines 14-25 and 
36-38. As evidenced by the Macedo Declaration, such feat would be considered 
impossible even with today's foam glass technology, let alone in 1978, the issue date of 
the Williams '365 Patent. See Macedo Declaration, par. 22. 

Such claim by the Williams '365 Patent would appear inconsistent with its later 

description of elongate foamed ceramic products made under the process it teaches. See 

Macedo Declaration, par. 23. The elongate foamed ceramic product described by the 

Williams '365 Patent has a cellular structure of closed, elongate bubbles with a diameter 

ranging from 0.01 mm to 1 cm and a length ranging from 2 mm to 5 cm. See Williams 

'365 Patent, Col. 2, lines 19-33. As evidenced by the Macedo Declaration, while a small 

pore size by itself may not be a sufficient condition for a strong foam glass product, it is a 

necessary condition and a foam glass product having largest bubbles reaching 1 cm and 

Page 33 of 51 



In re Application of Pedro M. Buarque de Macedo 
Application No. 10/625,102 



5 cm in diameter and length, respectively, can never achieve a compression strength as 
high as 8,000 psi, let alone the claimed compression strength of 10,000 psi or greater, 
which is sufficiently strong for the purpose of prestress compression within the claimed 
range. See Macedo Declaration, par. 23. It is also noted that none of the examples 
described by the Williams '365 Patent has an average pore size less than 1.0 mm. See, 
e.g., Williams '365 Patent, Col. 6, lines 62-63 and Col. 8, lines 5-6. None of the examples 
in the Williams '365 Patent provides any compression strength data, but a person of 
ordinary skill in the art would understand that in view of the bubble sizes reported by 
the Williams '365 Patent, none of the examples described in the Williams '365 Patent can 
achieve a compression strength within the claimed range of 10,000 psi or greater. See 
Macedo Declaration, par. 23. In fact, by teaching a foamed ceramic product having large 
bubbles, the Williams '365 Patent teaches away from making a strong foam glass product 
suitable for the range of prestress compression required by the present invention. 

Despite the dubiousness of such feat of achieving a compression strength of up to 
8,000 psi, if it would have been possible at all, the Williams '365 Patent is silent on how 
to go about achieving it. Nowhere in the description of six examples by the Williams 
'365 Patent is there any indication of a reasonable expectation of success of such feat. 
See Macedo Declaration, par. 22. When the Williams '365 Patent does not enable those 
skilled in the art to reproduce what the Examiner claims it discloses, namely a foam glass 
product having a compression strength of 8,000 psi, certainly it would not enable such 
person to make a foam glass tile having an even greater compression strength of 10,000 
psi or greater. 



393102.1 



Page 34 of 51 



In re Application of Pedro M. Buarque de Macedo 
Application No. 10/625,102 

Likewise, despite its claim of a slab of cellular material having a compression 
strength "in excess of 1,200 psi, nowhere in the Blaha 184 Patent is there any 
disclosure that would enable a person of ordinary skill in the art to produce a foam glass 
tile having a compression strength of even 2,000 psi or 3,000 psi, let alone 10,000 psi or 
greater as required by the rejected claims. In fact, the density of the strongest cellular 
material disclosed in the Blaha 184 Patent, 42 pounds per cubic feet (PCF), is still far 
too low to achieve the claimed range of compression strength required by the present 
invention. Compare Blaha 184 Patent, Col. 3, lines 24-28 (disclosing the maximum 
density of 42 PCF), with Application, TABLE 1, Examples 5-7 (disclosing the density of 
62 PCF or greater). By teaching a low-density cellular material, the Blaha 184 Patent in 
fact teaches away from making a strong foam glass product suitable for the range of 
prestress compression required by the present invention. 

In summary, even if a prima facie case of obviousness was deemed made with 
respect to Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 based on, inter alia, the ranges of 
foam glass compression strength allegedly disclosed by the Williams '365 Patent or the 
Blaha 184 Patent, which Applicant contends it cannot, such prima facie case is rebutted 
by the evidence that neither the Williams '365 Patent nor the Blaha 184 Patent enables a 
person of ordinary skill in the art to produce a foam glass tile having a compression 
strength within the claimed range of 10,000 psi or greater as required by the rejected 
claims. Based on the foregoing reasons, the final rejection of Claims 1, 5, 13, 14, 23, 27, 
29-31 and 37 over prior art is in error and should be reversed. 
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3. Claims 42-47, 51-59 and 63-66 Are Patentable 
Over the Prior Art 

a. There Is Also No Apparent Reason to 
Combine the Prior Art to Obtain the 
Claimed Ranges of Prestress 
Compression and Pore Size 

Claims 42-47, 51-59 and 63-66 under final rejection require, inter alia, "an 
average pore size of 1.0 mm or less" for the claimed prestressed foam glass tile, in 
addition to "a prestress compression of 4,000 psi or greater." To support the final 
rejection of Claims 42-47, 51-59 and 63-66, the Examiner further takes the position that 
each of the Jones '565 Patent, the Elmer '619 Patent and the Ford '937 Patent discloses 
foam glass components having a pore size of less than 1.0 mm. See August 24, 2007 
Office Action at 4 & 11. However, the Examiner's position is again erroneous, as there 
exists no apparent reason to combine any of these prior art references with other cited 
prior art to obtain a prestressed foam glass tile having, inter alia, both a prestress 
compression of 4,000 psi or greater and an average pore size of 1.0 mm or less. See KSR 
Int'l Co. v. Teleflexlnc, 82 U.S.P.Q.2d (BNA) 1385, 1396 (U.S. 2007). 

The Supreme Court in KSR noted that "it can be important to identify a reason 
that would have prompted a person of ordinary skill in the relevant field to combine the 
elements in the way the claimed new invention does." Id. While warning against 
applying as rigid and mandatory formulas, the Supreme Court found that this is a 
"helpful insight." Id. The Court in KSR further held that an explicit analysis for 
determining whether there is an apparent reason for prior art combinations should be 
made: 
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Often, it will be necessary for a court to look to interrelated 
teachings of multiple patents, the effects of demands known 
to the design community or present in the marketplace; and 
the background knowledge possessed by a person having 
ordinary skill in the art, all in order to determine whether 
there was an apparent reason to combine the 
known elements in the fashion claimed by the patent at 
issue. To facilitate review, this analysis should be made 
explicit . 

Id. at 1396 (emphasis added); see also In re Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006) 
("[R] ejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead there must be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness."). 

Nowhere in the Jones '565 Patent, or the Elmer '619 Patent, or the Ford '937 
Patent, or any other prior art relied upon by the Examiner is there any explicit or even 
implicit reason for combining their teachings with other prior art to render the claimed 
ranges of both prestress compression and pore size obvious. At best, the Jones '565 
Patent, the Elmer '619 Patent and the Ford '937 Patent teach that small pores can exist in 
foam glass materials, but, unlike the claimed invention, none of them teaches or even 
suggests that the disclosed pore sizes lead to a foam glass tile having a sufficiendy high 
compression strength for the purpose of prestress compression of 4,000 psi or greater. 
See Macedo Declaration, pars. 24-27. 

Even if its average pore size is small, the foam glass material may still have a low 
compression strength if the pores are dense and highly interconnected. See Macedo 
Declaration, par. 25. In fact, the Jones '565 Patent is directed to a low-density foamable 
granule product having, for example, 18% open cells indicating a high degree of 
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interconnectedness and a small compression strength of 129.6 psi. Jones '565 Patent, 
Col. 8, lines 72-75. The Elmer '619 Patent also focuses on "interconnecting pores" as the 
defining characteristics of its high-silica glass foam. Elmer '619 Patent, Col. 2, line 7. 
Likewise, the Ford '937 Patent is directed to a cellulated glass product having the specific 
gravity of 0.14 to 0.18, Ford '937 Patent, Col. 3, lines 22-24, which corresponds to a low 
density of 9 to 12 PCF. Despite having small pore sizes, none of the foam glass materials 
disclosed by these references is strong enough for the purpose of prestress compression 
of 4,000 psi or greater. See Macedo Declaration, par. 25. As such, there is no apparent 
reason or motivation for those skilled in the art to look at the Jones '565 Patent, Elmer 
'619 Patent, or Ford '937 Patent and combine their teachings with other prior art to 
apply the claimed range of prestress compression to a foam glass tile. None of the prior 
art references relied upon by the Examiner, either individually or in combination, 
teaches or even suggests that foam glass tiles made with small pore sizes in an 
appropriate manner can also have the compression and prestress strengths claimed by 
the rejected claims. 

The absence of apparent reason (such as a motivation or suggestion to combine) 
for combining the Jones '565 Patent, or the Elmer '619 Patent, or the Ford '937 Patent 
with other prior art to obtain the claimed invention further strengthens Appellant's 
position that the Examiner has not shown a prima facie case of obviousness of Claims 42- 
47, 51-59 and 63-66. See KSR, 82 U.S.P.Q.2d at 1396; In re Rouffet, 149 F.3d 1350, 
1357-58 (Fed. Cir. 1998) ("Because the Board did not explain the specific understanding 
or principle within the knowledge of a skilled artisan that would motivate one with no 
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knowledge of [the] invention to make the combination, this court infers that the 

examiner selected these references with the assistance of hindsight. This court forbids 

the use of hindsight in the selection of references that comprise the case of 

obviousness.")- Based on the foregoing reason alone, Appellant is entitled to reversal of 

the Examiner's final rejection of Claims 42-47, 51-59 and 63-66 and allowance of these 

claims on this Appeal over prior art. See In re Oetiker, 977 F.2d at 1445. 

C. Rejection Under 35 U.S.C. § 103(a) Over the Ellis 
'397 Patent in View of Either the Zeinetz '316 
Patent or the Lagendijk '656 Patent When 
Considering Either the Williams '365 Patent or the 
Blaha '184 Patent, and Further Considering Any of 
the Jones '565 Patent, the Elmer '619 Patent, and 
the Ford '937 Patent Should Be Reversed 

1. Claims 1, 5, 13, 14, 42-47 and 51-53 Are 
Patentable Over the Prior Art 

a. Prior Art Does Not Teach or Suggest the 
Claimed Range of Prestress Compression 

In the final rejection of Claims 1, 5, 13, 14, 42-47 and 51-53 under 35 U.S.C. 
§ 103(a), the Examiner also relies on another set of prior art combination: (1) The Ellis 
'397 Patent in combination with (2) the Zeinetz '316 Patent or (3) the Lagendijk '656 
Patent, further in combination with (4) the Williams £ 365 Patent or (5) the Blaha '184 
Patent, and further in combination with (6) the Jones '565 Patent, (7) the Elmer '619 
Patent, or (8) the Ford '937 Patent. See August 24, 2007 Office Action at 6-8. 

By the Examiner's own admission, the Ellis '397 Patent does not disclose a foam 
glass tile. See August 24, 2007 Office Action at 6 ("Ellis does not present the tile units 12 
as made of a foamed glass."); see also Macedo Declaration, par. 6. Furthermore, the Ellis 
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'397 Patent does not teach or even suggest a prestressed foam glass tile having any 

amount of prestress compression, let alone a prestress compression of 4,000 psi or 

greater. See Macedo Declaration, par. 5. Based on the foregoing reasons combined with 

the reasons set forth in Section VILB.l.a. of this Appeal Brief, none of the eight prior art 

references relied upon by the Examiner-the Ellis '397 Patent, the Zeinetz '316 Patent, 

the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha '184 Patent, the Jones 

'565 Patent, the Elmer '619 Patent, the Ford '937 Patent- discloses or even suggests, 

either individually or in combination, a prestressed foam glass tile having any amount of 

prestress compression, let alone a prestress foam glass tile having a prestress 

compression of 4,000 psi or greater , a key limitation of the rejected claims. Therefore, 

the Examiner has not established a prima facie case of obviousness of Claims 1, 5, 13, 14, 

42-47 and 51-53 over the prior art under 35 U.S.C. § 103(a), and as such, Appellant is 

entitled to reversal of the Examiner's final rejection and allowance of these claims on this 

Appeal over the Ellis '397 Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the 

Williams '365 Patent, the Blaha '184 Patent, the Jones '565 Patent, the Elmer '619 

Patent, and the Ford '937 Patent. See In re Oetiker, 977 F.2d at 1445. 

b. Prior Art Also Does Not Show a 
Reasonable Expectation of Success for 
Obtaining the Claimed Range of 
Prestress Compression 

Furthermore, for the reasons set forth in Section VII.B.l.b. of this Appeal Brief, 

the Examiner fails to establish a prima facie case of obviousness of Claims 1, 5, 13, 14, 

42-47 and 51-53 since none of the prior art references relied upon by the Examiner, 

either individually or in combination, shows a reasonable expectation of success for one 
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of ordinary skill in the art to achieve the claimed invention. Furthermore, since the 

finding of a reasonable expectation of success cannot be made, the Examiner's new 

"obvious to try" rationale cannot be used to support the final rejection under 35 U.S.C. § 

103. See supra Section VII.B.l.b of this Appeal Brief. 

Accordingly, Appellant is entitled to reversal of the Examiner's final rejection and 

allowance of Claims 1, 5, 13, 14, 42-47 and 51-53 on this Appeal over the Ellis '397 

Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the 

Blaha 184 Patent, the Jones '565 Patent, the Elmer '619 Patent, and the Ford '937 

Patent. See In re Oetiker, 977 F.2d at 1445. 

c. Prior Art Also Does Not Enable the 
Claimed Range of Prestress 
Compression 

To render an invention unpatentable for obviousness, the prior art must enable 
one of ordinary skill in the art to make and use the invention. See KSR, 82 U.S.P.Q.2d at 
1396; In re Kumar, 418 F.3d at 1368-69. For the reasons set forth in Section VII.B.l.c. of 
this Appeal Brief, even if a prima facie case of obviousness was deemed made with 
respect to the rejected claims on the basis of, inter alia, the Zeinetz '316 Patent or the 
Lagendijk '656 Patent, which Appellant contends it cannot, such prima facie case is 
rebutted by the evidence that none of the prior art references relied upon by the 
Examiner enables a person of ordinary skill in the art to make a prestressed foam glass 
tile having a prestress compression of 4,000 psi or greater. 

Accordingly, the final rejection of Claims 1, 5, 13, 14, 42-47 and 51-53 by the 
Examiner is in error and should be reversed. 
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2. Claims 1, 5, 13 and 14 Are Patentable Over 
the Prior Art 

a. Prior Art Also Does Not Teach or Suggest 
the Claimed Range of Compression 
Strength 

In addition, the Ellis '397 Patent does not teach or even suggest a compression 
strength of 10,000 psi or greater in a foam glass product. See Macedo Declaration, par. 
15. Based on the foregoing reason combined with the reasons set forth in Section 
VII.B.2.a. of this Appeal Brief, none of the prior art relied upon by the Examiner, 
including the Williams '365 Patent and the Blaha 184 Patent, teaches or suggests a foam 
glass tile having a compression strength of 10,000 psi or greater prior to being in a 
prestressed condition, one of the limitations of the rejected claims. As such, th^ 
Examiner failed to establish a prima facie case of obviousness of Claims 1, 5, 13 and 14 
over the prior art under 35 U.S.C. § 103(a), and Appellant is therefore entitled to 
reversal of the Examiner's final rejection and allowance of these claims over the Ellis '397 
Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the 
Blaha '184 Patent, the Jones '565 Patent, the Elmer '619 Patent, and the Ford '937 
Patent. See In re Oetiker, 977 F.2d at 1445. 

b. Prior Art Also Teaches Away From the 
Claimed Range of Prestress Compression 

Furthermore, for the reasons set forth in Section VII.B.2.b. of this Appeal Brief, 
rather than providing a reason for the prior art combination, the ranges of foam glass 
compression strength disclosed by the prior art relied upon by the Examiner in fact teach 
away from applying a prestress compression of 4,000 psi or greater. Accordingly, no 
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person of ordinary skill in the art would have recognized that the results of the alleged 

prior art combinations relied upon by the Examiner were predictable. See KSR, 82 

U.S.P.Q.2d at 1396; see also KSR Guidelines, 72 Fed. Reg. at 57,529; MPEP § 2143 (A). 

In view of the foregoing, the Examiner failed to establish a prima facie case of 

obviousness with respect to Claims 1, 5, 13 and 14. Even if such case was deemed made, 

it is rebutted by the evidence that the prior art relied upon the Examiner teaches away 

from the claimed combination. Hence, the final rejection of Claims 1, 5, 13 and 14 over 

the prior art is in error and should be reversed. 

c. Prior Art Also Does Not Enable the 
Claimed Range of Compression 
Strength 

Additionally, to render an invention unpatentable for obviousness, the prior art 
must enable one of ordinary skill in the art to make and use the invention. See KSR, 82 
U.S.P.Q.2d at 1396; In re Kumar, 418 F.3d at 1368-69. For the reasons set forth in 
Section VII.B.2.C. of this Appeal Brief, even if a prima facie case of obviousness was 
deemed made with respect to Claims 1, 5, 13 and 14 based on, inter alia, the range of 
foam glass compression strength disclosed by the Williams '365 Patent or the Blaha '184 
Patent, which Appellant contends it cannot, such prima facie case is rebutted by the 
evidence that neither the Williams '365 Patent nor the Blaha '184 Patent enables a 
person of ordinary skill in the art to produce a foam glass tile having a compression 
strength of 10,000 psi or greater as required by the rejected claims. 

Based on the foregoing reason alone, the final rejection of Claims 1, 5, 13 and 14 
by the Examiner is in error and should be reversed. 
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3. Claims 42-47 and 51-53 Are Patentable Over 
the Prior Art 

a. There Is Also No Apparent Reason to Combine the 
Prior Art to Obtain the Claimed Ranges of Prestress 
Compression and Pore Size 

Additionally, for the reasons set forth in Section VILB.3.a. of this Appeal Brief, 
there exists no apparent reason to combine any of the Jones '565 Patent, the Elmer '619 
Patent and the Ford '937 Patent with other cited prior art to obtain a prestressed foam 
glass tile having, inter alia, both a prestress compression of 4,000 psi or greater and an 
average pore size of 1.0 mm or less. None of the prior art references relied upon by the 
Examiner, either individually or in combination, teaches or even suggests that foam glass 
tiles having small pore sizes are suitable for the claimed range of prestress compression. 

In the absence of any apparent reason for combining the prior art, the Examiner 
has not established a prima facie case of obviousness of Claims 42-47 and 51-53 over the 
prior art. See In re Rouffet, 149 F.3d at 1358. Based on the foregoing reason alone, 
Appellant is entitled to reversal of the Examiner's final rejection of Claims 42-47 and 51- 
53 and allowance of these claims on this Appeal over the Ellis '397 Patent, the Zeinetz 
'316 Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha '184 Patent, 
the Jones '565 Patent, the Elmer '619 Patent, and the Ford '937 Patent. See In re Oetiker, 
977 F.2d at 1445. 
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D. Rejection Under 35 U.S.C § 103(a) Over the Ellis 
'397 Patent in View of Either the Zeinetz '316 
Patent or the Lagendijk '656 Patent When 
Considering Either the Williams '365 Patent or the 
Blaha '184 Patent and Further Considering Any of 
the Jones '565 Patent, the Elmer '619 Patent, and 
the Ford '937 Patent as Applied to Claims 1, 5, 13, 
14, 42-47 and 51-53, and Further in View of the 
Grady '037 Patent Should Be Reversed 

1. Claims 23, 27, 29-31, 37, 54-59 and 63-66 Are 
Patentable Over the Prior Art 

a. Prior Art Does Not Teach or Suggest the 
Claimed Range of Prestress Compression 

In the final rejection of Claims 23, 27, 29-31, 37, 54-59 and 63-66 under 35 
U.S.C. § 103(a), the Examiner also relies on yet another set of prior art combination: (1) 
The Ellis '397 Patent in combination with (2) the Zeinetz '316 Patent or (3) the 
Lagendijk '656 Patent, further in combination with (4) the Williams '365 Patent or (5) 
the Blaha 184 Patent, and further in combination with (6) the Jones '565 Patent, (7) the 
Elmer '619 Patent, or (8) the Ford '937 Patent as applied to Claims 1-5, 13, 14 and 42- 
53, and further in combination with (9) the Grady '037 Patent. See August 24, 2007 
Office Action at 8-10. For the reasons set forth in Section VII.B.l.a. and Vll.C.l.a of this 
Appeal Brief, none of the nine prior art references relied upon by the Examiner-the Ellis 
'397 Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the Williams '365 Patent, 
the Blaha '184 Patent, the Jones '565 Patent, the Elmer '619 Patent, the Ford '937 Patent, 
and the Grady '037 Patent- discloses or even suggests, either individually or in 
combination, a prestressed foam glass tile having any amount of prestress compression, 
let alone a prestressed foam glass tile having a prestress compression of 4,000 psi or 
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greater, a key limitation in the rejected claims. Based on the foregoing, the Examiner 
has not established a prima facie case of obviousness of Claims 23, 27, 29-31, 37, 54-59 
and 63-66 over the prior art under 35 U.S.C. § 103(a). As such, Appellant is entitled to 
reversal of the Examiner's final rejection and allowance of these claims on this Appeal 
over the Ellis '397 Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the 
Williams '365 Patent, the Blaha '184 Patent, the Jones '565 Patent, the Elmer '619 
Patent, the Ford '937 Patent and the Grady '037 Patent. See In re Oetiker, 977 F.2d at 
1445. 

b. Prior Art Also Does Not Show a 
Reasonable Expectation of Success for 
Obtaining the Claimed Range of 
Prestress Compression 

Furthermore, for the reasons set forth in Section VII.B.l.b. of this Appeal Brief, 
the Examiner failed to establish a prima facie case of obviousness of Claims 23, 27, 29- 
31, 37, 54-59 and 63-66 since none of the prior art references relied upon by the 
Examiner, either individually or in combination, shows a reasonable expectation of 
success for a person of ordinary skill in the art to achieve the claimed invention. 
Furthermore, since the finding of a reasonable expectation of success cannot be made, 
the Examiner's new "obvious to try" rationale cannot be used to support the final 
rejection under 35 U.S.C. § 103. See supra Section VII.B.l.b of this Appeal Brief. 

Accordingly, Appellant is entitled to reversal of the Examiner's final rejection and 
allowance of Claims 23, 27, 29-31, 37, 54-59 and 63-66 on this Appeal over the Ellis 
'397 Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the Williams '365 Patent, 
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the Blaha '184 Patent, the Jones '565 Patent, the Elmer '619 Patent, the Ford '937 Patent 

and the Grady '037 Patent. See In re Oetiker, 977 F.2d at 1445. 

c. Prior Art Also Does Not Enable the 
Claimed Range of Prestress 
Compression 

In addition, to render an invention unpatentable for obviousness, the prior art 
must enable one of ordinary skill in the art to make and use the invention. See KSR, 82 
U.S.P.Q.2d at 1396; In re Kumar, 418 F.3d at 1368-69. For the reasons set forth in 
Section VII.B.l.c. of this Appeal Brief, even if a prima facie case of obviousness was 
deemed made with respect to the rejected claims on the basis of, inter alia, the Zeinetz 
'316 Patent or the Lagendijk '656 Patent, which Appellant contends it cannot, such prima 
facie case is rebutted by the evidence that none of the prior art references relied upon by 
the Examiner would enable a person of ordinary skill in the art to make a prestressed 
foam glass tile having a prestress compression of 4,000 psi or greater. 

Based on at least the foregoing reason, the final rejection of Claims Claims 23, 27, 

29-31, 37, 54-59 and 63-66 by the Examiner is in error and should be reversed. 

2. Claims 23, 27, 29-31 and 37 Are Patentable 
Over the Prior Art 

a. Prior Art Also Does Not Teach or 
Suggest the Claimed Range of 
Compression Strength 

Furthermore, for the reasons set forth in Section VII.B.2.a. and VII.C.2.a. of this 

Appeal Brief, none of the prior art relied upon by the Examiner, including the Williams 

'365 Patent and the Blaha '184 Patent, teaches or suggests a foam glass tile having a 

compression strength of 10,000 psi or greater prior to being in a prestressed condition, 
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one of the limitations of the rejected claims. As such, the Examiner failed to establish a 

prima facie case of obviousness of Claims 23, 27, 29-31 and 37 over the prior art under 

35 U.S.C. § 103(a), and Appellant is therefore entitled to reversal of the Examiner's final 

rejection and allowance of these claims over the Ellis '397 Patent, the Zeinetz '316 

Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha 184 Patent, the 

Jones '565 Patent, the Elmer '619 Patent, the Ford '937 Patent and the Grady '037 

Patent. See In re Oetiker, 977 F.2d at 1445. 

b. , Prior Art Also Teaches Away * From 
the Claimed Range of Prestress 
Compression 

In addition, for the reasons set forth in Section VII.B.2.b. of this Appeal Brief, 
rather than providing a reason for the prior art combination, the ranges of foam glass 
compression strength disclosed by the prior art relied upon by the Examiner in fact teach 
away from applying a prestress compression of 4,000 psi or greater. Accordingly, no 
person of ordinary skill in the art would have recognized that the results of the alleged 
prior art combinations relied upon by the Examiner were predictable. See KSR, 82 
U.S.P.Q.2d at 1396; see also KSR Guidelines, 72 Fed. Reg. at 57,529; MPEP § 2143 (A). 

In view of the foregoing, the Examiner failed to establish a prima facie case of 
obviousness with respect to Claims 23, 27, 29-31 and 37. Even if such case was deemed 
made, it is rebutted by the evidence that the prior art relied upon the Examiner teaches 
away from the claimed combination. Hence, the final rejection of Claims 23, 27, 29-31 
and 37 over the prior art is in error and should be reversed. 



393102.1 



Page 48 of 51 



In re Application of Pedro M. Buarque de Macedo 
Application No. 10/625,102 



c. Prior Art Also Does Not Enable the 
Claimed Range of Compression 
Strength 

Furthermore, to render an invention unpatentable for obviousness, the prior art 
must enable one of ordinary skill in the art to make and use the invention. See KSR, 82 
U.S.P.Q.2d at 1396; In re Kumar, 418 F.3d at 1368-69. For the reasons set forth in 
Section VILB.2.C. of this Appeal Brief, even if a prima facie case of obviousness was 
deemed made with respect to Claims 23, 27, 29-31 and 37 based on, inter alia, the range 
of foam glass compression strength disclosed by the Williams '365 Patent or the Blaha 
184 Patent, which Appellant contends it cannot, such prima facie case is rebutted by the 
evidence that neither the Williams '365 Patent nor the Blaha 184 Patent enables one of 
ordinary skill in the art to produce a foam glass tile having a compression strength of 
10,000 psi or greater as required by the rejected claims. 

Based on the foregoing reason alone, the final rejection of Claims 23, 27, 29-31 
and 37 by the Examiner is in error and should be reversed. 

3. Claims 54-59 and 63-66 Are Patentable Over the Prior Art 

a. There Is Also No Apparent Reason to Combine the 
Prior Art to Obtain the Claimed Ranges of Prestress 
Compression and Pore Size 

In addition, for the reasons set forth in Section VILB.3.a. of this Appeal Brief, 
there exists no apparent reason for combining any of the Jones '565 Patent, the Elmer 
'619 Patent and the Ford '937 Patent with other cited prior art to obtain a prestressed 
foam glass tile having, inter alia, both a prestress compression of 4,000 psi or greater and 
an average pore size of 1.0 mm or less. None of the prior art references relied upon by 
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the Examiner, either individually or in combination, teaches or even suggests that foam 
glass tiles made with small pore sizes in an appropriate manner can also have the 
claimed range of prestress compression. 

In the absence of any apparent reason for combining the prior art, the Examiner 
has not established a prima facie case of obviousness of Claims 54-59 and 63-66 over the 
prior art. See In re Rouffet, 149 F.3d at 1358. Accordingly, Appellant is entitled to 
reversal of the Examiner's final rejection and allowance of these claims on this Appeal 
over the Ellis '397 Patent, the Zeinetz '316 Patent, the Lagendijk '656 Patent, the 
Williams '365 Patent, the Blaha 184 Patent, the Jones '565 Patent, the Elmer '619 
Patent, the Ford '937 Patent and the Grady '037 Patent. See In re Oetiker, 977 F.2d at 
1445. 
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VIII. CONCLUSION 

For the reasons advanced above, Appellant respectfully submits that Claims 1, 5, 

13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 are, as a matter of law, patentable 
over the Grady '037 Patent, Ellis '397 Patent, Zeinetz '316 Patent, Lagendijk '656 Patent, 
Williams '365 Patent, Blaha '184 Patent, Jones '565 Patent, Elmer '619 Patent and Ford 
'937 Patent, and that the grounds of the final rejection of those Claims on this Appeal are 
in error. Accordingly, Appellant respectfully requests reversal of the final rejection from 
which this Appeal was taken and allowance of Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42- 
47, 51-59 and 63-66 over the prior art. 



Of Counsel: 

Anthony F. Lo Cicero, Esq. (Reg. No. 29,403) 
Benjamin M. Halpern, Esq. (Reg. No. 46,494) 
Jung S. Hahm, Esq. (Reg. No. 48,333) 
AMSTER, ROTHSTEIN & EBENSTEIN LLP 
90 Park Avenue 
New York, NY 10016 
(212) 336-8000 
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AMSTER, ROTHSTEIN & EBENSTEIN LLP 
Attorneys for Appellant 
90 Park Avenue 
New York, NY 10016 
(212) 336-8000 



Dated: New York, New York 
March 13, 2008 



By: /Charles R. Macedo/ 
Charles R. Macedo 
Registration No.: 32,781 
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CLAIMS APPENDIX 

This Appendix contains a copy of the claims involved in this Appeal: 

1. A prestressed foam glass tile wherein said tile has a compression strength 

of 10,000 psi or greater prior to being in a prestressed condition and a prestress 

compression of 4,000 psi or greater. 

5. The prestressed foam glass tile of claim 1, wherein said prestress 

compression is 5000 psi or greater. 

13. The prestressed foam glass tile of claim 1, wherein a tension member is 
under tension outside of said prestressed foam glass tile to provide said prestress 
compression. 

14. The prestressed foam glass tile of claim 13, wherein said tension member-is 
comprised of a tension bolt. 

23. A prestressed assembly for use in buildings or other structures comprising: 
at least one prestressed foam glass tile, having a compression strength of 

10,000 psi or greater prior to being in a prestressed condition and a prestress 

compression of 4,000 psi or greater; 

at least two metal beams; and 
one or more tension members 

wherein said at least one prestressed foam glass tile is placed between said 
at least two metal beams and held in compression of at least 4,000 psi by said one or 
more tension members. 

27. The prestressed assembly of claim 23, wherein said prestress compression 
of said at least one prestressed foam glass tile is 5000 psi or greater. 

Pa s elof4 
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29. The prestressed assembly of claim 23, wherein said assembly is a column in 
a building. 

30. The prestressed assembly of claim 23, wherein said metal beams are 
comprised of steel. 

31. The prestressed assembly of claim 23, wherein said one or more tension 
members are comprised of tension bolts. 

37. The prestressed assembly of claim 23, wherein said one or more tension 
members are not within said at least one prestressed foam glass tile. 

42. A prestressed foam glass tile wherein said tile has a prestress compression 
of 4,000 psi or greater and an average pore size of 1.0 mm or less, wherein said average 
pore size is measured based on the distance between two farthest points of pore surface. 

43. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.7 mm or less. 

44. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.6 mm or less. 

45. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.5 mm or less. 

46. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.4 mm or less. 

47. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.3 mm or less. 

51. The prestressed foam glass tile of Claim 42, wherein said prestress 
compression is 5000 psi or greater. 
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52. The prestressed foam glass tile of Claim 42, wherein a tension member is 
under tension outside of said prestressed foam glass tile to provide said prestress 
compression. 

53. The prestressed foam glass tile of Claim 52, wherein said tension member 
is comprised of a tension bolt. 

54. A prestressed assembly for use in buildings or other structures comprising: 
at least one prestressed foam glass tile, having a prestress compression of 

4,000 psi or greater, and an average pore size of 1.0 mm or less, wherein said average 
pore size is measured based on the distance between two farthest points of pore surface; 

at least two metal beams; and 

one or more tension members 

wherein said at least one prestressed foam glass tile is placed between said 
at least two metal beams and held in compression of at least 4,000 psi by said one or 
more tension members. 

55. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.7 mm or less. 

56. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.6 mm or less. 

57. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.5 mm or less. 

58. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.4 mm or less. 
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59. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.3 mm or less. 

63. The prestressed assembly of Claim 54, wherein said prestress compression 
of said at least one prestressed foam glass tile is 5000 psi or greater. 

64. The prestressed assembly of Claim 54, wherein said metal beams are 
comprised of steel. 

65. The prestressed assembly of Claim 54, wherein said one or more tension 
members are comprised of tension bolts. 

66. The prestressed assembly of Claim 54, wherein said one or more tension 
members are not within said at least one prestressed foam glass tile. 
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EVIDENCE APPENDIX 

This Appendix contains copies of the prior art references (1-9) relied upon by the 
Primary Examiner as to the grounds of the final rejection of the Claims on this Appeal. 

This Appendix also contains a copy of the reference (10) which has been entered 
in the record by the Primary Examiner and cited by Appellant in this Appeal Brief. A 
copy of this reference was submitted by Appellant to the U.S. Patent Office along with 
the Supplemental Information Disclosure Statement dated October 19, 2005. The record 
indicates that it was considered by the Examiner in December 2005. 

In addition, this Appendix includes a copy of the Declaration Under 37 C.F.R. § 
1.132 (11) by Appellant and the inventor of the subject application, Dr. Pedro M. 
Buarque de Macedo, which was submitted to the U.S. Patent Office on May 2, 2007 as 
part of Appellant's response to the September 11, 2006 Office Action. 

1. U.S. Patent No. 4,324,037 to Grady, II 

2. U.S. Patent No. 3,430,397 to Ellis 

3. U.S. Patent No. 3,292,316 to Zeinetz 

4. U.S. Patent No. 4,450,656 to Lagendijk 

5. U.S. Patent No. 4,124,365 to Williams et al. 

6. U.S. Patent No. 3,056,184 to Blaha 

7. U.S. Patent No. 3,459,565 to Jones et al. 

8. U.S. Patent No. 3,592,619 to Elmer et al. 

9. U.S. Patent No. 2,758,937 to Ford 

10. EDWARD G. NAWY, PRESTRESSED CONCRETE: A FUNDAMENTAL 
APPROACH 8-13 (1989) 

11. Appellant's Declaration Under 37 C.F.R. § 1.132 dated May 1, 2007 
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RELATED PROCEEDINGS APPENDIX 



None 
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[57] ABSTRACT 

A building structural unit and its method of construc- 
tion is disclosed. Additionally provided is a method for 
the building of structural arrays with a plurality of the 
structural units. The structural unit of the present inven- 



tion provides an inner structural core portion having 
provided attached to the outer surface thereof load-dis- 
tributing surfaces. Suitable attachment means can be 
provided in order to facilitate connection of a plurality 
of the individual units together forming a structural 
array such as a wall, slab, ceiling, column, or the like. 
The structural units can be fastened together by means 
of tension members such as for example threaded rods, 
with each individual unit being provided with bores 
therethrough through which the tension members or 
rods can pass. Bolted or like connections at the tension 
member ends bear upon the provided load distributing 
surface to complete the desired mating of the individual 
units. A method for connecting the units together in 
order to form the desired structural array allows each 
unit to be completely self supported structurally upon 
its connection to the previous unit or to the formed 
array itself. A first embodiment provides a substantially 
rectangular shaped structural unit, useful in wall con- 
struction (FIGS. 2 and 3); a second embodiment pro- 
vides a diagonally interfacing unit, useful in the con- 
struction of slabs, ceilings and the like (FIGS. 4 and 5); 
a third embodiment also provides an alternative diago- 
nally interfacing unit useful in slab and ceiling construc- 
tion, a fourth embodiment provides a unit member suit- 
able for column construction; in a fifth embodiment, a 
generally hexagonal unit structure is disclosed. 

9 Claims, 13 Drawing Figures 
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STRUCTURAL UNITS AND ARRAYS 
THEREFROM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to building elements or 
members, but more particularly the present invention 
relates to a composite structural unit, its method of 
construction, and a method of constructing or assem- 
bling the individual units of the present invention so as 
to form structural arrays such as for example walls, 
columns, slabs, ceilings and the like. 

2. General Background 

It is known to form structural building arrays com- 
prised of a plurality of individual units held together in 
load bearing abutment to one another by means of over- 
all tension members which extend through or otherwise 
connect all the individual units in a dimension of the 
assembled structural array. The tension members are 
constituted generally of iron, steel or like tensile mem- 
bers with externally threaded ends (or like suitable con- 
nections) which extend to the ends of the assemblies of 
the units such as by the use of plates, washers and nuts, 
or like end bearing connections. The so constructed unit 
can be tightly drawn together and handled as a com- 
plete structural load bearing unit. Such units are useful 
in the in situ construction of walls, pre-fabrication of 
walls, floor slabs, arches, beam and column forms, and 
the like. 

Among the advantages offered by such structural 
units is that there exists no necessity of using grout, 
mortar, or like conventional connections between the 
units or rows of units. Thus the structure can be formed 
with a smooth, dry load bearing joint at any place and 
transported from that place of assembly to the location 
of its use as a complete load bearing self contained unit. 

Whereas structural units of this type have generally 
attempted to solve the problem of providing a structur- 
ally sound unit which can be assembled and trans- 
ported, or in fact assembled at the job site without the 
use of grout, and attentive labor, a significant deficiency 
nonetheless exists in the use of such structure units. 

One problem which arises with structural units which 
are so connected in the prior art, is that point stresses 
often develop at the joints or faces of the units where 
these members are in abutment, these stress points often 
being effected after construction when the applied load 
is manifested. The points of strain set up within the units 
often cause chipping, cracking, or in fact fracture or 
failure. Such flaws can at least create an unsightly ap- 
pearance and worse can result in a threatened stability 
and utility of the structure itself. 

A further problem seen with many prior art structural 
units is that they require a substantial amount of initial 
bracing and secondary support to the arrays or individ- 
ual building units themselves during construction and 
prior to the application of the tension members to the 
structure. Such a need for secondary support is time 
consuming, labor wasting, and expensive. Oftentimes, 
without the use of heavy construction equipment and 
construction crews, this type of secondary structural 
support is out of the question. 

Some other prior art units are restricted to a single 
structural array by their very nature, and cannot be 
combined into several different forms as may be desired 
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by the individual who is constructing a specific planned 
building. 

It is accordingly an object of the present invention to 
provide a new and novel structural building unit 
wherein a structural core to the building unit is pro- 
vided, having load-distributing surfaces thereon to 
which point stresses can be applied without significant 
damage. 

Another object of the present invention is to provide 
a structural building unit which is particularly useful in 
structural concrete applications, such as reinforced 
concrete, poststressed concrete, concrete shells, and 
architectural applications. 

A further object of the present invention is to provide 
a means to more evenly distribute the load stress to the 
joints of abutting individual structural members without 
the problem of fracture or cracking. 

A further and more specific object of the present 
invention is to provide structural building units of such 
character which do not require the use of mortar to 
hold the units together and which have particular utility 
in the construction on site or offsite of structural arrays 
formed from a plurality of individual structural units 
such as concrete walls, floor slabs, arches, beams, col- 
umns, and the like. 

A further object of the present invention is to provide 
a composite structural unit which is provided with 
means for attaching it to other like units in order to form 
an array, with the connection means therebetween 
being the only structural connection necessary in order 
to form a final and complete structural bond with the 
individual unit to the array to which it is being attached 
during construction itself — secondary structures and 
bracing being unnecessary. 

Another object of the present invention is to provide 
a method of construction of a composite structural unit, 
which constructed unit requires no additional milling, 
filing or like refinement after its casting. 

These objects and others are achieved in accordance 
with the present invention embodying an apparatus, or 
structural building unit, comprised of a inner structural 
material and there being provided thereon outer load- 
distributing surfaces to which connection means can be 
attached without the problem of point stresses creating 
cracks, chips, or the like. 

3. Prior Art 

The prior art discloses a number of patents which 
have been issued on various building systems which 
attempt to provide a final array of individual building 
units in order to form walls, ceilings, slabs and the like. 
A listing of some prior art systems which have been 
patented is listed in the following table. 





Prior Art Patents 




U.S. Pat. No. 


Inventor(s) 


Issue Date 


Re. 27,785 


H. FCobayashi 


Oct. 16, 1973 


2,102,447 


D. D. Whitacre 


Dec. 14, 1937 


2,684,589 


A. Per re ton 


July 27, 1954 


2,929,236 


H. W. Steward et al 


Mar. 22, 1960 


3,145,502 


D. Rubenstein 


Aug. 25, 1964 


3.173,226 


A. Solnick 


Mar. 16, 1965 


3,260,025 


C. Van Der Lely 


July 12, 1966 


3,378,969 


G. K. Larger 


Apr. 23, 1968 



65 Many of the devices or systems of the prior art which 
have been patented provide various drawbacks in their 
attempt to solve the aforementioned problems, to which 
problems the present invention is directed and which 
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drawbacks and problems are solved by the present in- abutting surfaces of the individual structural units over 

vention over the prior art. a wider area, and transmits the loads through the inter- 

U.S. Pat. No. 2,102,447 by Donald D. Whitacre pro- face formed between the facing of the structural unit 

vides a structural building system wherein there is the and the face of the core material which forms the body 

necessity to grind the contact surfaces between individ- 5 of the structural unit, which is by the method of forma- 

ual structural units prior to assembly. The present in- tion of the composite devoid of imperfections in mating 

vention does not require the grinding or milling of the interface which lead to point stresses, 

surfaces of the individual structural units prior to their By the use of hard or metal contact facings, the force 

use, but rather provides a method of construction by is transferred from the core inner surface of the material 

which the contact surfaces of the individual units are by 10 w hi c h forms the structural unit to the metal surface of 

their nature perfectly flat and aligned as is required the contact plate which it must of necessity exactly 

before their use in forming an array. match since the surface of the body of the structural 

The present invention provides a significant advan- unit was f orme d in contact with the facing. The force is 

tage over the prior art in that there is no necessity of the then transferred from one outer metal surface to the 

use of secondary structures or supplemental structures 15 outer surface of the me tal or otherwise constituted fac- 
m order to support the array prior to the application of ing of the abutting structural unit and then through the 

the tensioning members thereto. In the method of con- facing to the outer facing of the core body of the next 

structmg the arrays of the present invention, the tension structura i unit . if ther e is unevenness of contact at the 

is applied with the addition of each structural unit and metal tQ metal interface the internal streng th of the 

such tension member holds that individual structural 20 faci (metal) absorbs these stresses and distribu tes the 

unit in place without the use of secondary structures fofce more even , Qver the face of the CQre hod This 

secondary bars, or secondary supports in order to hold abm Qf the faci becomes more and more important 

the unit until the entire structura unit can be tensioned. ^ ^ increas / in compressive loads encountered 

The Kobayashi patent, U.S. Pat. No. Re. 27,785 pro- u . u . . \. . v. , , 

•j *i_ c i_ i *i* * *-i i+u Wltn nl S" tension in the tension rods and with greater 

vides the use of such a supplemental structure until the 25 - , . t , , J ^ 

. « < o i_ j ■ j height if the structural units are placed one atop the 

concrete hardens. Such a device requires a secondary * . . r , ■ « 

^ . _ ^ n r „„ n ^ a+ ^ ;+ # -i other as in the construction of columns or walls. 

structure until the curing time of concrete gives it the _ • » • ■ - A ■ , 

desired strength present invention can be manufactured using 

U.S. Pat. No.' 3,173,226 issued to Abraham Solnick structural units with clay as well as cement and like 

requires the use of extra supportive framework. 30 structurally sound materials with the facings being 

In contrast to U.S. Pat. No. 3,145,502 issued to D. manufactured of a suitable load-distributing material 

Rubenstein, in the present case of plates or surfaces such as P lastlc > m * tal ' an f. th f h t ke - The ln * en - 

made of plastic, the surface, if formed after the initial tlon provides such an individual structural unit which 

molding, is on the abutting surfaces not on the facing can be bound m face-to-face relationships in order to 

surfaces as in the Rubenstein patent. 35 form constructive arrays. The units are self supported 

The present invention does not require a complex «P<>n attachment using a suitable tension means such as 

system of rods which can only be stressed after an entire an elongated metal rod, or a plurality thereof, prefera- 

row of units is laid, such as is taught in the Perreton bl y constituted of iron, steel, or like tensile material 

patent, U.S. Pat. No. 2,684,589. which is passed through a plurality of openings or per- 

U.S. Pat. No. 3,260,025, issued to C. Van Der Lely 40 fcrations through the units themselves. The end por- 

discloses the use of facings which are formed of a plastic tions of the r °ds can be externally threaded and adapted 

material to make a seal. In the 3,260,025 patent, the for threadable engagement with a plate, nut, or the like; 

object is to seal, not to distribute the load evenly over however, any suitable means of connecting units to- 

the contact surface as is the case with the present inven- gether by affixing the end portions of the rod can be 

tion. The object of the present invention is to distribute 45 used. 

the load and hence the facing material has different BRIEF DESCRIPTION OF THE DRAWINGS 
characteristics. 

The rods with the present invention are not made For a further understanding of the nature and objects 

continuous throughout the entire span as in the devices of the present invention, reference should be had to the 

of the prior art, and do not transmit unequal loads with 50 following detailed description, taken in conjunction 

expansion and contraction effects of rods throughout a with the accompanying drawings, in which like parts 

dimension of the entire structure. are given like reference numerals and wherein: 

Also a specific object is to provide a method of as- FIG. 1 depicts a top plan view of a mold used in the 
sembling the units whereby one unit is placed in posi- method of construction of the preferred embodiment of 
tion and means of applying compressive force to keep it 55 the composite unit apparatus of the present inyention- 
in place is applied to that unit suitably by the application the composite unit shown therein in phantom lines; 
of tension to rods one end of which is anchored on a FIG. 2 depicts a composite structural building array 
face of a unit already in place, that face being other than formed from a plurality of units of a first embodiment of 
the one abutting the unit just positioned and the other the present invention, the array being characterized of 
end of the rod being attached to a face of the unit just 60 one modular unit which constitutes the building de- 
positioned which is not identical to the abutting face of scribed by reference to FIG. 3; 

the unit just positioned. FIG. 3 is an elevational view of various sizes of corn- 



Discussion of the Present Invention 



posite units of the first embodiment of the present inven- 
tion; 

Thus the present invention provides a structural unit 65 FIG. 4 is a perspective view of a slab section formed 
construction which has inner structural load carrying from an assembly of the second embodiment of the 
capability, with an outer load-distributing surface composite unit structure of the present invention held 
which distributes the compressive load generated at the together by suitable tensioning means; 
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FIG. 5 depicts a cross sectional view taken along A further inspection of FIG. 1 will reveal the pres- 

lines 5 — 5 of FIG. 4; ence of a plurality of bores 18 which are provided 

FIG. 6 is a cross sectional view of a typical slab for- through the center portion of unit 12. These bores 18 

mation using the third embodiment of the composite form openings through which tension means (which 

unit structure of the present invention; 5 can be in the form of elongated metal rods) can pass so 

FIG. 7 is a perspective view illustrating a fourth as to eventually fasten a plurality of units 12 together, 

embodiment of the composite unit structure of the pres- There is further provided as is shown in FIG. 1, a recess 

ent invention being attached to form a structural col- 20 on the opposite ends of each bore 18 which provides 

umn; an enlarged area to facilitate the location of a suitable 

FIG. 8 is a sectional view taken along lines 8—8 of 10 fastener such as a bolt, or the like. 
PIG. 7; FIGS. 2 and 3 illustrate the use of completed compos- 

FIG. 9 is a sectional view taken along lines 9—9 of ite units 12 to form a structural array such as a wall or 

FIG. g. the like. In FIG. 2, there can be seen three units 12 as is 

FIG.' 10 is a side elevational view and partial section shown during their construction in FIG. 1. The com- 
of a single isolated unit of the fourth embodiment of the 15 P leted units 12 > {t will be noted from FIG. 2, do not 
composite unit structure of the present invention as require any additional milling, planing, or surface treat- 
employed in the structural array depicted by reference ment > in order that the y ma y mate together in a perfect 
to FIGS 7 and 8- u P on assembly. In FIG. 2, units 12 can be seen each 

FIG. 11 depicts in plan a slab formed by members of hav j n S lo *<* bearing plates 16 j>n their load bearing 

a fifth alternative embodiment of the unit of the present 20 surfaces. The inner core 14 is shown having been cast 

invention- ~ a narc *ened mto the proper position as was illustrated 

FIG. 12 is a perspective view of a single unit of the in J 1 ®' \ wit * mold 10 Now, the inner core 14 is suit- 

alternative embodiment of the apparatus of the present a ^ h f dened and has desirable compressive strength 

r c , u , * j • * j u ■ characteristics which of course are designed after con- 

mvention as forms of the structure depicted by refer- __ . , . - * . • r . 

* r7T^ 11 a 25 sidermg the desired load carrying characteristics of the 

ence to rIG. 11; and structur b in b ilt 

FIG. 13 is a top sectional view of the unit of FIGS. 11 S ^lereh seen a plurality of tension members 

an which are in the form of connecting rods 22. In FIG. 2, 

DETAILED DESCRIPTION OF THE each connecting rod 22 can be an elongated rod of a 

PREFERRED EMBODIMENT 30 material such as steel, iron, or like suitable tensile mate- 

_ T _ . .„ j c , , - it _ , , rial. Rods 22 can be threaded being provided with 

,« FI /l 1 lllustrates a Preferred embodiment of the mold threads 23 at thdr re ctive end tions as is known 

JO of the present invention which can be used to manu- in the art There can further be provided bolts 24 which 

facture units 12 in accordance with the teaching of the threadab i y engage and attach to connecting rods 22 at 

present invention. As can best be seen by an inspection 35 t h reads 23. If desirable, washers 25 can be provided 

of FIG. 1, there is provided a shaped mold 10 having which are placed between bolt 24 and load bearing 

inner walls defining a shape corresponding to the de- plates 16 It wiU be seen> that when connecting rod 22 is 

sired shape of the individual unit 12 to be formed. in its proper position, connecting together any two of 

In FIG. 1, there is shown in phantom lines composite un j ts 12 , bolts 24 will assume a flush position within 

unit 12 which is comprised generally of an inner struc- 40 reC ess 20 thereby not interfering with the addition of 

tural material 14 and outer load-distributing surfaces in ot h eT UIU t s as the construction continues. The connec- 

the form of plates 16. t j on can be completed with a desired tension or stress to 

As can be seen in FIG. 1, in order to construct com- rod 2 2 by use of a connectional torque wrench to guar- 

posite unit 12, outer load-distributing plates 16 are first an tee uniformity and consistency throughout the struc- 

placed in a desired position along the inner walls 11 of 45 t U re. 

mold 10 such that when a suitable flowable material .When constructing the device in this manner, it can 
such as concrete, plastic, clay or the like is added to De seen t h a t by beginning with a single unit (designated 
form inner core 14, it will exactly conform to the space as un i t "A" in FIG. 2) it is easy to add additional units 
provided between the load-distributing plates 16. If the ( suc h as "B" and "C" in FIG. 2) without any additional 
mold 10 is properly constructed, inner walls 11 will act 50 structural support other than rods 22. Thus, if one began 
as a "jig" which will exactly position load-distributing by placement of unit A resting against a base slab 30 as 
plates 16 so that their outer surfaces 17 will not require i s shown in FIG. 2, unit B could be added and attached 
additional filing or milling before use. The surfaces will thereto permanently and structurally by connecting 
easily fit together in face-to-face relationship, being rods 22 as is shown. In FIG. 2, every other bore 18 in 
compatible when several units 12 are combined to form 55 unit 12 is provided with a rod 22 to connect units A and 
an array. The connection or adhesion of plates 16 to unit B together. Note, however, that in the alternate open- 
12 can be augmented using projections (not shown) ings 18 the connecting rods 22 are connected only to 
attached to plate 16 which would act as anchors when unit B and project outwardly therefrom a distance 
inner core 14 "sets." Any suitable chemical bonding which will allow the addition of a further unit when it 
agent could likewise be used to augment the adhesion of 60 is added after A and B are secured together. Such an 
the load-distributing plates to the structural core. In- arrangement is important, because each unit is corn- 
deed, it is also possible, though time consuming to apply pletely affixed to the structural array upon bolting, but 
the load-distributing plates after the structural core additional units 12 can always be added if desired. It is 
material has "set" if the chemical bonding agent has the also important that the aligned tensile rods are not con- 
ability to withstand the compressive loads and, like the 65 nected one to the other because unequal stresses are 
structural core material, at some point during or follow- created within the array decreasing its strength, 
ing its application, flows to conform to the surfaces In a like manner, there can be seen at the connection 
which it bonds, thus again not forming point stresses. between units A and C, the use of every other or alter- 
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nating connecting rods 22 in order to form the struc- 
tural connection between A and C, with the alternate or 
other rods 22 being connected to C only and projecting 
a distance out therefrom in order to add another com- 
posite unit. The projection distance of the rods which 
will be used to add additional units 12 is designated by 
the letter D in FIG. 2. 

Alternatively, the rods 22 need not be placed within 
unit C so that they project a distance D for the attach- 
ment of additional units 12, not shown. Instead, the 
additional unit 12, not shown, may be placed in abut- 
ment with unit C and then the rods 16 which attach it to 
unit C may be inserted through holes 18 and by suitable 
means anchored or attached at one end to the facing 16 
of unit C which contacts facing 16 of unit A and at- 
tached at the other end to the vertical facing 16 of the 
unit 12, not shown, which is not in contact with a facing 
16 of unit C. 

FIG. 3 illustrates a structural array which can be for 
example a wall, and is designated generally by the nu- 
meral 40 in FIG. 3. There it can be seen that array 40 is 
constructed of a plurality of individual units 12, each 
being attached by means of a plurality of connecting 
rods 22 which can be threadably mounted (or like suit- 
able connection) to the units as was described more 
fully above. Note in FIG. 2 that each alternating rod 22 
is "staggered" so that there will always be a projecting 
amount of rod 22 beyond the surface of the previously 
connected unit so that additional units 12 can be added 
as needed. In FIG. 3, it can be seen that units 12 can be 
of varying dimensions within the teaching of this inven- 
tion. Note smaller units 12a as they appear above door 
32 and window 34 in FIG. 3. Likewise, units 12b are of 
a shorter dimension than units 12 which are substan- 
tially the height of array 40 which forms a wall in FIG. 
3. 

With the method of construction as described more 
fully above, it should be appreciated that there is no 
necessity for extra bracing or like supplemental support 
in order to apply the tensioning members 22 and con- 
nect additional units 12 to the array. To the contrary, 
each unit 12 when added to the structure and fastened 
into place using connections 22 is totally and com- 
pletely structurally sound with the array 40 as a whole 
and forms its structural part thereof without necessity 
of grout, concrete, supplemental supports, or the like, 
thus offering a significant economic advantage over the 
prior art with a significantly decreased possibility of the 
creation of point stresses found in the prior art in a more 
economic manner than in the prior art. 

However, grout or mortar may be injected into the 
void area of the bores 18 between the rods and the wall 
of the bore to give an additional measure of strength if 
desired as is known in the art. However, such is not 
necessary and renders the structure more permanent. 

Thus, it can be seen that utilizing the apparatus and 
method of construction of the present invention there 
can be constructed an array 40 of units 12 to form a wall 
simply by use of connecting rods 22 within the teaching 
of the present invention. 

FIGS. 4 and 5 illustrate a second embodiment of the 
apparatus of the present invention. In FIG. 5, there can 
be seen a slab 50 constructed between columns 52. Slab 
50 can be constructed of a plurality of units 53 using 
connecting rods 54. Units 54 in the second embodiment 
have generally diagonal load-distributing plates 56 
which aid in the structural integrity of slab 50 which is 
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subjected to high shearing forces as is apparent to one 
skilled in the art. 

The use of diagonal plates 56 illustrates but a second 
embodiment of the teaching of the present invention, 
though the method of constructing units 53 would be by 
use of a mold 10 as was described more fully above and 
with reference to FIG. 1. The mold 10 used to cast units 

53 would provide inner walls 11 which would create a 
"jig" effect to orient bearing plates 56 into a desired 
spaced relationship so that no additional milling, cut- 
ting, or forming of plates 56 would be required when 
the casting was completed. Openings would be pro- 
vided through structural units 53 in the same manner as 
they were provided in the first embodiment discussed 
above so that connecting rods 54 could be "staggered" 
enabling the assembly of slab 50 without the necessity of 
extra structural supports, external bracing, grout, con- 
crete, or the like. There is seen in FIG. 5 a plurality of 
openings 58 through which tensile connectors could 
pass in a direction traverse to the rods 54 shown in FIG. 
5. Such traverse openings 58 would provide connection 
to slab 50 in a direction normal to the connection rods 

54 shown in FIG. 5 so that the slab 50 could be braced 
in both directions as would be desirable. Note that in 
FIG. 5 there is shown recesses 59, 59' which allow a 
space into which bolts 60 or like connections can be 
placed so as not to interfere with the interface between 
successive structural units 53. 

FIG. 6 illustrates a third embodiment of the compos- 
ite structural unit of the present invention. The embodi- 
ment shown in FIG. 6 provides a slab structure desig- 
nated generally as 62 attached to column 64 which 
utilizes a plurality of structural units 66 which are con- 
structed within the teaching of the present invention 
using a suitable mold 10 giving the desired structural 
unit geometry. Units 66 provide diagonal load-distribut- 
ing plates 68, each plate provided with a pair of recesses 
69, 70 which can be used for the placement of a bolt 72 
or like connective member at the end of a tension rod 74 
as shown in the drawings. In FIG. 6, it can be seen that 
there is likewise provided a second cooperative bearing 
plate 75 which abuts and fits comfortably against plate 
68 so as to form a mate therewith. Likewise, bearing 
plate 75 is provided with recesses 76 for the accompa- 
nyment of bolt heads 72 or like connectors. In the em- 
bodiment shown in FIG. 6, there can be provided two 
connective rods 74 in separate horizontal layers as is 
illustrated in the drawing. In the embodiment shown in 
FIG. 6, connective rods 74 could be of any high tensile 
material such as steel or the like, and the inner core 77 
of units 66 could be formed of concrete for example. 
There is likewise provided openings 80 traverse to that 
direction of rods 74 in FIG. 6. Openings 80 and corre- 
sponding recesses 82 could be used to accompany rods 
74 and bolts 72 respectively within the teaching of the 
present invention. 

In order to suitably anchor the first unit as added to 
column 64, there could be provided an initial anchor 
rod 73 as is shown in the drawing, with the length of 
rod 73 being "developed" by its embedment into the 
concrete column 64 a desired distance as is known in the 
art. In FIG. 6 there is an alternating arrangement of 
rods 74 in the plane of the drawing. However, it should 
be understood that the alternating arrangement, which 
allows subsequent units to be added to the array, may be 
in a direction normal to the rods 74 shown in FIG. 6, the 
same effect being achieved. 
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FIGS. 7-10 illustrate a fourth embodiment of the 
composite structural unit of the present invention. 
There can be seen in FIGS. 7-10 a block 82 having 
load-distributing plates 83, 84, respectively, on its lower 
and upper portions as viewed in FIG. 10. Unit 82 would 5 
likewise be formed having an inner core 85 of a suitable 
material having the necessary compressive strength, 
and plates 83, 84 providing a surface which would have 
load-distributing characteristics necessary in order to 
transmit the compressive forces generated by connect- 10 
ing rods 90 to unit 82. In FIG. 7, there can be seen a 
column 92 constructed of a plurality of units 82. Col- 
umn 92 would be merely a single array having individ- 
ual units 82 "stacked" thereon as shown in the draw- 
ings. There would be provided a plurality of openings 15 
86 through which connecting rods 90 could be placed as 
is shown best in FIGS. 7 and 8. Likewise, as with the 
previous embodiments of the present invention, there 
could be provided recesses 87 which would provide a 
space for bolts 93 which could be threadably connect- 20 
able to the end portions of rods 90. 

FIG. 8 helps illustrate the method of construction of 
the present invention to construct column 92 of FIG. 7. 
In FIG. 8 there is seen a base slab 94 which has embed- 
ded therein a plurality of connectors 90 so as to form a 25 
spot for "beginning" column 92. After the first struc- 
tural unit is placed over the initial rods 90, successive 
units can be added by "staggering" the rods 90 so as to 
always provide an exposed portions "A" and "B" of rod 
90 on units 82 as desired. It is within the teaching of the 30 
present invention that the pattern may be altered so that 
the individual rods 90 and the connecting rods of the 
other embodiment may be of sufficient length to pass 
through any number of structural units less than the 
number of structural units required for the entire even- 35 
tual span creating a slightly different but basically simi- 
lar interlocking pattern although FIG. 8 shows that 
number to be three. Note in FIG. 8 there are provided 
rods 90 which project a distance A above the upper- 
most unit 82. These rods 90 which project a distance A, 40 
would initially bolt or attach and hold the next unit 
added to the stack, whereas there is also provided rods 
90 which project a second distance B above the last 
added unit shown in FIG. 8. When a second unit were 
to be added to the stack as shown in FIG. 8, the rods 45 
which project a distance B would be utilized to secure 
that particular unit into its position. Thus, there can be 
seen a method of construction shown with the column 
of FIGS. 7 and 8 which provides a connection of each 
successive unit to the column, with each connection 50 
forming a complete integral structural connection with 
the previous unit, there being no need for supplemental 
bracing, or other structural supports. 

As in the first embodiment of the present invention 
and in all embodiments of the present invention the 55 
tensile rods 90 of FIGS. 7 and 8 need not project dis- 
tances B and A, but may be inserted as required to 
attached successive structural units 82 to the columnar 
array 92 after placement of a structural unit in position 
on the columnar array. 60 

FIG. 9 illustrates a top view of the column shown in 
FIG. 8, whereby it can be seen a plurality of openings 
86 through which rods 90 can pass, and there can also 
be seen recesses 87. 

FIGS. 11 through 13 illustrate a fifth embodiment of 65 
the apparatus of the present invention. In FIG. 12, hex- 
agonal unit 100 is made to appear as a plurality of 
stacked solid layers 102, 104, and 106. It should be un- 



derstood, however, that the exemplary number of three 
(3) layers provided to unit 100 as shown in FIG. 11 is 
not absolute. Each layer represents generally a line of 
force through which connections can be made through 
various abutting units so as to form an array as shown in 
FIG. 12, thus varying numbers of layers 102, 104, 106 
could be provided. 

In FIG. 12, there can be seen connection holes 110 
through which suitable connecting rods (not shown) 
can be attached. Bearing plates 114 are provided at the 
outer edges of each layer 102, 104, 106 as is the case 
with previous units within the teaching of the present 
invention as was described more fully heretofore. The 
units 100 can be connected to form an array as shown in 
FIG. 11, with the rods 112 being alternatively arranged 
so that each unit 100 can be securely connected to the 
preceding unit 100 or to the array in the manner as 
depicted for the single structural unit 90A in FIG. 11. In 
FIG. 11, unit 90A is connected at its edges to units 90B, 
90C, 90D, 90E, 90F and 90G. Tensile connectors 91, 92, 
93, 94, 95 and 96 secure the array as is shown in FIG. 11. 
Thus an interlocking repeating pattern is formed. In 
FIG. 12, there is shown attached to the individual hex- 
agonal structural unit 100 a load-distributing plate 103 
with holes 101 passing through it and the structural core 
of the unit 100 with recesses 105 which allow the usage 
of the structural unit at the same time as both an element 
in a vertical array of a column, similar to the fourth 
embodiment of the invention described in conjunction 
with FIGS. 7 through 9, and an element in the horizon- 
tal two-dimensional array of a slab. Thus, the horizontal 
two-dimensional array of the slab and the one dimen- 
sional array of a column are integrally connected. 

The structural units 100 can be formed much in the 
same way as the previous teachings of this application, 
in which a mold 10 is utilized having geometrically 
desirably arranged inner walls 11 to which walls there 
can be affixed bearing plates 114 prior to the addition of 
a desired flowable "setting" material. When the setting 
material hardens (for example in 28 days or so with 
concrete), the mold can be removed and the unit is 
ready for its operational use in a structural array or the 
like. 

Because many varying and different embodiments 
may be made within the scope of the inventive concept 
herein taught, and because many modifications may be 
made in the embodiments herein detailed in accordance 
with the descriptive requirements of the law, it is to be 
understood that the details herein are to be interpreted 
as illustrative and not in a limiting sense. 

What is claimed as invention is: 

1. A method of constructing an array comprising the 
steps of: 

a. providing a plurality of composite structural units, 
each of said structural units comprising 

(i) an inner structural core of cast material; 

(ii) a plurality of load-distributing plates integrally 
attached during casting to said core, each of said 
plates being substantially hard to resist fracture, 
and having internal strength sufficient to sub- 
stantially dissipate point stresses there being pro- 
vided a plurality of holes through said core and 
said attached plates, each of said plates providing 
a mating face for contacting the face of an adja- 
cent attached unit; 

(iii) tension means extending through said holes for 
holding two of said units tightly together in face- 
to-face relationship forming a structural array; 



b. placing a first and a second of said structural units 
together in a desired array; 

c. applying a tensile connector to the first and second 
units, perfecting a connection; 

d. applying a second tensile connector to the second 5 
unit; 

e. placing a third structure unit in face-to-face rela- 
tionship with the second structural unit; and 

f. perfecting a connection between the second and J0 
third structural unit using the second tensile con- 
nector. 

2. A method of constructing an array comprising the 
steps of: 

a. providing a plurality of composite structural units, 15 
each of said structural units comprising 

(i) an inner structural core of cast material; 

(ii) a plurality of load bearing plates integrally at- 
tached during casting to said core, each of said 
plates being substantially hard to resist fracture, 20 
and providing internal strength to substantially 
dissipate point stresses, there being provided a 
plurality of holes through said core and said 
attached plates, said plates providing a mating 
face for contacting the face of an adjacent at- 25 
tached unit: 

(iii) tension means extending through said holes for 
holding two of said units tightly together in face- 
to-face relationship forming a structural array; 3Q 

b. assembling a plurality of the composite units to 
form a structural row with each composite unit 
abutting the adjacent unit at its load bearing plate; 
and 

c. applying tensile force connectors to the units, each 35 
tensile connector stressing a number of units less 
than the total number of units forming the row. 

3. A method of constructing a structural array com- 
prising the steps of: 

40 
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a. providing a plurality of individual structural units, 
each of the units having an inner structural core of 
cast material and an outer integrally connected 
load distributing bearing plate, the bearing plates 
being connected to the inner core by casting at the 
inner core-bearing plate interface; 

b. contacting two of the structural units together at 
the load distributing bearing plates; 

c. forming a tensile connection between the two con- 
tacted structural units; and 

d. adding additional structural units to the previously 
connected unit array, each additional unit being 
connected to the previously added unit by a tensile 
connecting member, which member stresses only 
the previously added unit and the added unit. 

4. The method of claim 3 wherein in step "a" each 
provided structural unit is substantially rectangular and 
having two or more parallel, integrally connected load 
bearing plates. 

5. The method of claim 3 wherein the array to be 
constructed is a wall, and in step "a," each structural 
unit is a vertically oriented unit having vertical side 
load distributing bearing plates. 

6. The method of claim 3 wherein the array to be 
constructed is a column, and in step "a," each structural 
unit has upper and lower load distributing bearing 
plates. 

7. The method of claim 3 wherein the array to be 
constructed is a slab, and in step "a," each structural 
unit is a horizontally oriented unit haying generally 
vertical side load distributing bearing plates. 

8. The method of claim 3 wherein in step "c" the 
tensile connection is formed between two contacted 
structural units using tensile connecting rods. 

9. The method of claim 3 wherein in step "d" each 
tensile connecting member stresses at least two struc- 
tural units, but less than the total number of added struc- 
tural units. 

* * * * * 
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ABSTRACT OF THE DISCLOSURE 

A tension strut device adapted to be applied to a build- 
ing wall experiencing either inwardly or outwardly bowing 
forces applied thereagainst; said device comprising length- 
adjustable strut members running vertically along the 
opposite sides of the wall and interconnected across the 
top of the wall by a cap device; each strut member having 
hook means at its bottom end for hooking said device 
to ground anchor bolts or the like; the device being thereby 
adapted to apply compression forces to the wall resulting 
in forces tending to keep the wall rigid against forces 
applied thereto from either side of the wall. 



The invention is adapted for use in connection with any 
brick or stone or concrete building wall; swim pool wall; 
or other fabricated wall which is subjected to lateral 
bulging forces. Such forces are typically encountered in 
relatively long straight wall fabrications which are ex- 
posed to storm wind pressures which on occasions will tend 
to blow the wall inwardly or out. 

Whereas a variety of "pilaster" type brace devices have 
been previously suggested for such purposes, it is a pri- 
mary object of the present invention to provide an im- 
proved and structurally simple brace device for brick or 
block walls or the like, which may be easily applied thereto 
(either during construction of the wall or at some later 
time) and which will effectively brace the wall against 
lateral bulging and/or collapse. 

Another object is to provide an improved brace device 
as aforesaid which compactly nests against the wall and 
involves no substantial protuberances beyond the general 
profile of the wall structure, per se. 

Other objects and advantages of the invention will be 
apparent from the following specification and the accom- 
panying drawing, wherein: 

FIG. 1 is a side elevational view of a concrete block 
type wall showing a brace device of the invention in 
operative position; 

FIG. 2 is a fragmentary sectional view, taken as sug- 
gested by line 2 — 2 of FIG. V, and 

FIG. 3 is a top plan view of the brace device of FIG. 1. 

By way of example, the invention is illustrated and de- 
scribed in detail hereinafter as being applied to a typical 
cement block wall construction designated generally at 
10. However, it is to be understood that the "blocks" 12 
may alternatively be of brick, or cut stone, or the like; 
and either "dry"-stacked or cemented together. The wall 
footing or foundation is illustrated at 14 and includes 
anchor bolts 15 embedded therein. 

As shown herein, a brace device of the invention may 
be constructed to include a wall cap member 16 formed 
of two parallel angle irons 18 — 18 cross-braced by end 



strap irons 20 — 20 and a center iron 22 which is inverted 
U-shaped and includes downwardly extending legs 24 — 24, 
terminating at their lower ends in right-angle flange por- 
tions 25. Diagonal braces 26 are welded or otherwise fixed 
g to interconnect the ends of the angles 18 to the lower ends 
of the center iron 22 to complete the fabrication of a rigid 
"saddle" device for the top of the wall as shown. The 
flange portions 25 — 25 of the main strap member 22 are 
bored to accommodate bolts 28 — 28 which also engage 
10 the top flange portions 29 — 29 of corresponding pull strap 
members 30 — 30 which are dimensioned so as to lie flat- 
wise against the sides of the wall 10. Right-angle flange 
devices are formed at the lower ends of the strap members 
30 — 30 to engage the anchor bolts 15 extending upwardly 
15 from the wall foundation. It will be appreciated, of course, 
that in lieu of metal strips as indicated at 30 — 30, any 
other suitable tension applying device may be employed 
such as chains or steel cables, or the like. 

Thus it will be appreciated, particularly by reference 
20 to FIG. 2 of the drawing herewith, that when the brace 
device of the invention is applied to a wall structure as 
shown herein the tension adjustment bolts 28 — 28 may 
then be actuated to apply to the system any desired degree 
of tensioning; and differentially if preferred to suit differ- 
25 ent problems. The tension adjustments of the system may 
be effected of course either by applying a wrench to the 
heads of the bolts 28 or by applying a wrench to the nuts, 
or both; but in any case by a simple screw-threading ad- 
justment of the device the tension forces applied by the 
30 system may be readily regulated to suit the requirements 
of any situation. By virtue of this arrangement the tension 
forces exerted by the system of the invention are primarily 
applied as compression forces acting through the innermost 
vertical edges of the building blocks comprising the wall. 
35 However, this tends to rock contiguous blocks, one rela- 
tive to the other; their innermost edges operating as ful- 
crum surfaces. Thus, it will be seen that the device applies 
to the wall structure a combination of force effects in- 
cluding a substantial component tending to bow the wall 
4:0 in any desired direction and in direct opposition to forces 
which would otherwise tend to bow the wall. 

It is of course to be understood that whereas only one 
form of the invention has been illustrated and described 
in detail hereinabove, various changes may be made 
therein without departing from the spirit of the inven- 
tion or the scope of the following claim. 
What I claim as my invention is: 

1. In combination, a building wall comprising a verti- 
ng cally stacked series of building wall blocks extending up- 
wardly from a rigid footing having anchor bolts extending 
therefrom, and a brace device therefor, 

said brace device including a saddle member of inverted 
U-shaped form disposed to straddle at least the 
uppermost course of building blocks, 
said saddle member comprising a pair of parallel dis- 
posed angle irons embracing a plurality of said build- 
ing blocks along the opposite top side corner portions 
of said wall, and cross brace members extending 
transversely thereof and fixed to said angle irons 
and having leg portions depending downwardly there- 
from along opposite sides of the wall and terminat- 
ing in detachable connection portions, 
and a pair of tension transmitting members disposed 
respectively vertically along opposite sides of the 
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wall, each of said tension members having means 
at its lower end detachably connected to one of said 
anchor bolts and terminating at its upper end in 
means coupling it to one of said detachable connec- 
tion portions, 

said saddle and tension transmitting members being di- 
mentioned and arranged so that said tension trans- 
mitting members may be selectively tautened so as 
to apply to opposite sides of said saddle member any 
desired tension forces to stabilize the wall against 
laterally applied forces tending to bow the wall. 
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The invention relates to roofs of buildings. 

More particularly, this invention relates to self-support- 
ing building roofs of the shell, cupola or vault types. 

Still more particularly my invention relates to roof struc- 
tures for larger spans which are nearest comparable with 
the shell structures of the type erected for example by the 
well-known Italian Luigi Nervi or the lattice-work cupolas 
erected by the American Buck Fuller and others. 

The known lattice-work cupola is built up of bars and 
junctions often disposed in various geometrical patterns. 
Said frame is subsequently at the place of erection covered 
with protecting and insulating material which work often 
must be done highly above the ground and which, in order 
to be performed with a minimum of risk, calls for erection 
of high scaffolds or stagings. 

The shell structures of Nervi, which are of concrete, 
have generally been moulded at the place of erection which 
requires a very extensive shaping work. In some cases 
said structures have been mounted in the form of a pre- 
fabricated frame, and the covering and insulating roof 
material has been mounted at the place of erection under 
the same unfavourable conditions as are experienced in 
the erection of the lattice-work cupolas. 

One main object of the present invention is to provide 
a system for erecting self-supporting shell, cupola, and 
vault roofs which comports many marked advantages over 
the prior art. 

Another object of the invention is to provide a roof 
construction consisting of elements constituting both the 
supporting frame and the covering roof surface and the 
insulation. This construction has the advantage that the 
whole roof structure can be manufactured in a finished 
shape at a plant whereby the production is highly simpli- 
fied and the costs thereof are considerably reduced. A 
further advantage is that the complicated erection of 
scaffolds or stagings at the place of erection is almost 
completely avoided. 

A further object of the invention is to provide roof ele- 
ments formed so as by part-engaging one another to im- 
part to the structure sufficient strength for taking up ir- 
regularly divided loads. 

A still further object of the invention is to provide a 
structure which when applied to cupola roofs makes ele- 
ments already mounted to constitute a support for addi- 
tional elements whereby the valuable advantage is ob- 
tained that no stagings need to be erected for the follow- 
ing mounting operation. 

Still a further object of the invention is to provide roof 
elements for buildings the entire covering surface of the 
roof structure of which can be used for taking up crush- 
ing stresses produced by the own weight of the roof and 
additional loads accumulated thereon. 

Further objects and advantages of the invention will be- 
come apparent from the following description, considered 
in connection with the accompanying drawings which form 
part of this specification and of which : 

FIGS. 1 and 3 are top views of roofs constructed ac- 
cording to the invention. 

FIGS. 2 and 4 are vertical sections through the roofs 
shown in FIGS. 1 and 3 respectively. 

FIG. 5 is an elevational view of groups of adjacent 
elements forming part of a roof according to the inven- 
tion, and individually shaped differently. 



FIG. 5 is a diagrammatic top view of a part of a roof 
constructed according to the invention from a plurality of 
adjacent interconnected elements. FIGS. 6, 10 and 12 are 
sections following lines A— A, and FIGS. 7, 8, 9 and 1 1 
g are sections following lines B — B in FIG. 5 and represent 
various coupling means for abutting elements. 

Referring to the drawings, FIG. 1 is a top view of a 
building constructed according to the invention when final- 
ly erected. The building has a roof comprising an angular 

10 edge frame 1 limiting a cupola-formed shell composed 
of a plurality of elements 2 meeting one another in joints 
3. The elements 2 are disposed in different series denoted 
by a, b, c, d, e and /. The elements in the same series 
are preferably identical as is indicated in FIGURE 1 by 

15 index numbers such as a lt a 2 , a 3 , b u b 2 , etc. 

In a vertical section the building preferably is formed as 
is shown in FIG. 2. In the example shown in said figure 
the edge frame 1 rests on columns 4. It may also rest on 
base structures of other shape or directly on the ground. 

20 The figure also indicates how the elements in the various 
series project past one another so as to impart desired 
good structural strength to the finished shell. 

The building with its roof is preferably erected in the 
following manner. The columns 4 are raised. On said 

25 columns the edge frame is placed. Said frame may con- 
sist of several part elements. If desired the edge frame 
may be provided additionally with an annular girder adapt- 
ed to take up the horizontal component of the compressive 
force resulting from the load acting on, and the own weight 

30 of the cupola roof. 

The first series of elements denoted by a may have a 
triangular form and is secured to the edge frame by means 
of a suitable coupling device. The following series of ele- 
ments b may have a rhombic form. One element of said 

35 series b is secured between two elements of the series a 
by wedging one projecting tongue thereof between two 
elements of the series a and is kept in position by means 
of a suitable coupling device which will be described more 
in detail later in this specification. The entire series of 

40 elements b when mounted finally forms together with the 
elements of the series a an annular shell structure capa- 
ble of taking up horizontally acting compressive forces 
which renders the shell self-supporting and thus makes 
scaffolds or staging unnecessary. 

45 The series of elements c is mounted in a similar man- 
ner as the series of elements b. Together with the series 
a and b the series c forms a self-supporting shell. Re- 
maining series of elements denoted by d, e, and /, are 
mounted in a corresponding manner until the whole shell 

50 is finished. If desired, the last series or the last two or 
three ones may be replaced by a minor cupola or like 
member adapted to admit light into the interior of the 
cupola. 

FIG. 3 shows a funnel-shaped building constructed ac- 

55 cording to the invention. This embodiment of the inven- 
tion may be mounted on a tubular base 5. The first series 
of elements a is mounted on the top of said tubular base. 
The subsequent series of elements b, c, d, e and / are 
mounted in a similar manner as in the embodiment shown 

60 in FIGS. 1 and 2. The erection is finished by stretching 
an annular girder 6 around said series / of elements 
which girder is destined to produce the horizontally act- 
ing force keeping the shell together. 

The funnel-shaped building may according to an alter- 

65 native embodiment be curved in another manner as is indi- 
cated in FIGURE 4 by dashed line 7. 

A shell-formed building embodying the invention may 
be made of elements formed in various manners. One 
example is shown in FIG. 5. The elements, some of which 

70 are represented and denoted by b l9 c l9 c 2 and d x respec- 
tively, have the form of rhomb-shaped slabs abutting edge 
to edge. 
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FXG. 5 is an elevational view of several elements kept 
together adjacent one another by means of coupling de- 
vices indicated generally by reference numeral 18. The 
elements are formed along their lateral edge portions with 
unbroken profile members 19, 119, 21 and 121 adapted 
to fit the abutting lateral edge portions of adjacent ele- 
ments. When assembling these elements, the edges of an 
adjacent element are inserted into the profile member of 
the element or elements already mounted so that in the 
finished roof the elements are mutually connected along 
rows of interengaging profiles which keep each element in 
wedged engagement with the adjacent elements and pre- 
vents them from being forced out of engagement when 
the building is subjected, for example, to the attack of 
winds exerting a sucking effect on the roof. The rows of 
interengaging profile members also render possible the pre- 
stressing of the shell of the cupola. 

FIG. 12 is an example of a joint between two adjacent 
elements based on a profile member 19a having H shape. 
The flanges 20 of the profile member 19a prevent the 
elements 6 2 and c 2 from becoming displaced upwards or 
downwards in relation to one another. 

FIG. 13 shows a joint between adjacent elements formed 
with profile members in H shape indicated by reference 
numerals 19a, 21a, 119a, and 121a. The free ends of 
the profiles are formed with projections 22 having each 
an aperture of identical diameter and a common axis. In 
assembled position of the elements a pin 23 is inserted 
through said apertures and locks the projections of the 
adjacent elements profiles rigidly to one another. A seal 
of the joint may be obtained by means of a packing 24. 
The pin may have its free end formed conically to render 
possible subjecting the elements to some prestress during 
the assembling operation. 

FIG. 6 is an example of a joint between two adjacent 
elements consisting of a notch 25 formed in the abutting 
edge sides of said adjacent elements and in which is 
placed a strip 196. The joint may be sealed by means 
of a packing 26 having the form of a ribbon or a T. 

FIG. 7 is another view of the strip 19b at its juncture 
with similar strips 1196, 216 and 1216. At the point 
where the strips cross one another (see also FIG. 5) 
they are formed with apertures having identical diameter 
and a common axis. In the assembling operation a pin 
28 is inserted through the apertures in all strips, and the 
joint is sealed by means of a packing 29. The free end 
of the pin may be made conical which renders possible 
subjecting the elements to prestress. 

FIG. 8 shows another embodiment of the locking of 
a strip-shaped seam. In the embodiment shown in FIG. 
8 a washer 30 is provided with so many holes as there 
are strips such as 19c, 119c, 21c and 121c to be connected 
there. In the assembling operation wedged members 31 
are inserted through the holes in the washer and corre- 
sponding holes in the strips which wedged members exert 
a tension on the strips and unite them together through 
the washer. Said washer may also have a threaded aper- 
ture to allow a threaded bolt 32 with a disc-shaped head 
to be threaded thereinto to seal the opening necessary for 
introduction of the wedged members 31. 

FIG. 9 illustrates a third example of a locking device 
for strips located in notches in the panel element edges. 
In the embodiment shown the strips 21o* and 121d of ad- 
jacent elements are bent off at their opposite ends and 
joined together by means of a bolting 33. The bolting 
joint may also be turned downwards as is indicated by 
dotted lines 34. A disc 35 entering into grooves formed 
in both abutting elements may serve as a seal. 

FIG. 10 shows an example of a U-shaped seam 19c. It 
is also possible to use a tubular member. A U-shaped or 
a tubular seam may have a tension bar 36 running 
through its center. 

FIG. 11 shows a locking means for use in connection 
with a U-shaped or tubular seam 19c, 119c, 21c and 121c. 
In the embodiment shown, the tension bar 36 is stretched 
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by means of a device 37 bearing on the notch. A stretch- 
ing member and tubular nut 38 may be used, said nut 
receiving also the free end of the tension bar 39 of the 
adjacent element. 

5 The panels may be solid slabs of some suitable material 
such as glass, wood, synthetic plastic, or moldable ma- 
terials such as concrete, porous concrete, foamed plastic, 
foamed glass, or the like. Panels may also be formed 
of several different materials. It may for example be 

10 composed of an uppermost moisture-insulating layer 
made of cardboard, sheet metal and the like, thereunder 
a heat insulating layer consisting of, for example, wood 
wool, cork, porous concrete and like material, followed 
by a load sustaining layer made of concrete, for example, 

15 and lowermost a sound absorbing layer consisting of, for 
example, a fiber board provided on its free face with 
non-penetrating holes. Also on its lowermost flat side the 
element may be provided with a moisture impermeable 
sheet. The different materials are suitably bound to- 

20 gether by cohesion produced by a moulding operation. 

While several more or less specific embodiments of the 
invention have been shown and described, it is to be un- 
derstood that this is for purpose of illustration only and 
fthat the invention is not to be limited thereby, but its 

25 scope is to be determined by the appended claims. 
What I claim is: 

1. A self-supporting roof for a building having the 
form of 

(a) a curved shell formed of a plurality of panel ele- 
30 ments arranged to form a generally curved surface, 

(b) tension members associated with each panel ele- 
ment interconnecting several points spaced about 
each panel element, 

(c) means interconnecting the individual panel ele- 
35 ments with the tension members for compressing the 

individual panel elements when the tension members 
surrounding the panel elements are connected and 
drawn together, and 

(d) means to place the said tension members under 
40 tension and to interconnect them with tension mem- 
bers of adjacent panels, whereby the tension mem- 
bers compressed the individual panel elements and 
join them together. 

2. The structure of claim 1 in which 

45 (a) the panel elements are polygonal in shape and are 
arranged with their sides adjacent corresponding 
sides of adjacent panel elements, and 
(b) a tension member is located along each side of 
the polygonal panel elements and between the ele- 

50 ments. 

3. The structure of claim 1 in which the means to inter- 
connect the tension members is a unitary structure en- 
gaging with three tension members, two of which are 
associated with different panel elements and one of which 

55 is common to two of the panel elements. 

4. The structure of claim 1 in which the said coupling 
means include means for placing the tension members 
under gradually increasing tension. 

5. The structure of claim 1 in which opposite ends of 
60 the tension members have apertures therein, and the 

coupling means includes a pin fitted in the apertures of a 
plurality of tension members meeting at a corner of a 
panel element. 

6. The structure of claim 5 in which a portion of the 
65 pin is of wedge shape. 

7. The structure of claim 1 in which the tension mem- 
bers are of H shape and the edges of panel elements fit 
between the flanges of the H-shaped tension members. 

^ Q 8. The structure of claim 1 in which the panel elements 
have notches in their lateral edges and the tension mem- 
bers are mounted within the said notches. 

9. The structure of claim 1 in which the coupling 
means includes a threaded member. 

75 10. The structure of claim 1 in which the tension mem- 
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bers comprise a rod member and a hollow member sur- 
rounding the rod. 

11. The structure of claim 1 in which 

(a) the curved shell comprises sl dome like structure 
including a circular edge frame of angular shape 5 
defining the base of the dome, a plurality of triangu- 
lar panel elements having their respective bases fitted 
within the angular portions of the circular edge 
frame and their apexes extending inwardly along the 
surface of the dome, a row of diamond shaped panel jq 
elements fitted in the dome surface by insertion of 
the angle of one diamond shaped element between 
each triangle element and other rows of diamond 
shaped panel elements arranged to form the dome 
surface with an apex of each diamond inserted be- 15 
tween two other diamond elements of the preceding 
row, 

(b) the tension members comprise beam members, 
each being positioned in the dome surface and ad- 
jacent the side of a diamond shaped element and 20 
being shaped to interengage with the panel element 

on each side of it, and 

(c) the means to place the tension members under 
tension comprising apertures in the ends of each ten- 
sion member overlapping apertures of tension mem- 25 
bers intersecting at the apexes of the diamond shaped 
elements, and pins having conical ends inserted with- 
in each set of overlapping apertures and positioned 
substantially perpendicular to the dome surface. 

12. A self-supporting roof structure comprising 30 

(a) a plurality of panel elements arranged to form a 
shell like surface, 

(b) tension members running between points spaced 
about the periphery of each panel element, 

(c) means interconnecting the individual panel ele- 35 
ments with the tension members for compressing the 
individual panel elements when the tension members 
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surrounding the panel elements are connected and 
drawn together, and 
(d) means to couple the ends of the tension members 
to other tension members to 

( 1 ) place tension on the tension members, 

(2) place the panel elements under compression, 
and 

(3) interconnect the various panel elements to 
form a unitary roof structure. 
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[57] ABSTRACT 

A suspended roof is described, which mainly consists of 
a cable rope structure (20-27; 31-33, 35-37; 39, 40) 
coverable with a stiff weatherproof material. By the 
special way according to which the cables are led, pass- 
ing over fixed mountings (8, 9, 10, 11) and/or other 
points-of-change-of-direction (8, 9, 10, 11; 28, 30, 37, 
38), equalizing the tension in different cable parts (20, 
21; etc.), together with the use of a minimum of stiff 
compression members (31; 43; 47) to form stiff girders 
after having tensioned the cable ropes to the design 
tension, a suspended roof is obtainable which is as stiff 
as a conventional stiff-girder-roof-structure. As a result 
a classic stiff roof covering may be applied to it. The 
ground plan coverable may have any shape, and need 
not be symmetrical. 

The described roof structure is stiff in contrast to the 
generally adopted tent-type suspended roof structure 
built from cable rope which is basically flexible. 

10 Claims, 6 Drawing Figures 
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SUSPENDED ROOF 

The invention relates to a suspended roof supported 
by at least three fixed mountings of which the support- 5 
ing roof structure mainly consists of a cable construc- 
tion to which a weatherproof roof covering is applica- 
ble, adapted for rainwater drainage to the sides, with 
diagonal main tension cables led from the fixed mount- 
ings which meet in the centre of the roof, forming roof 10 
ridges and with side top cables, the roof valleys running 
into the side top cables between each pair of fixed 
mountings. 

Suspended roof constructions have been known in 
various forms. The Dutch Patent Application No. 15 
7018039 describes a construction which is intended for 
large spans. For that purpose a number of points in the 
roof plane is lifted by means of doubled cables with 
spacers placed in between, but nowhere are there con- 
tinuous stiff through-girders formed which cover the 20 
complete span. Neither in the centre nor at the points of 
support bending moments can be transmitted. As a re- 
sult, it is out of the question to build a roof, by means of 
the said construction, which considerably deviates from 
the known tent-roof type constructions. According to 25 
the publication, the local stiff enings form a member of 
roof tops, with roof valleys in between, which is useful 
for the rainwater drainage and can locally increase the 
stiffness. Nevertheless the whole design will retain the 
character of a non-stiff tent roof. 30 

The invention using as few compression members as 
possible and a maximum of flexible cables, to the con- 
trary also aims at providing a suspended roof construc- 
tion of such rigidity that the roof covering can also be of 
a stiff nature, to the extent of the use of concrete. 35 

By applying known stiff roof covering materials, not 
only the insulation, particularly thermal insulation, can 
be fitted easily and well, but also the stability of such a 
roof against external loads, and in particular against 
wind load, is with stiff roofs many times better than 40 
with flexible roofs of the tent type. The latter usually 
behave badly under windloads. The advantages gained 
over the classical stiff roof constructions built on stiff 
girders are among other things, the relatively simple 
construction, lower cost price, lower structural weight 45 
and the simple foundations usually required. 

The invention aims at providing a suspended roof 
combining the advantages of a cable structure with 
those of a conventional stiff roof. 

The suspended roof as described in the preamble is 50 
characterized according to the invention in that each 
side top cable has been fixed with its one end to one of 
the fixed mountings and, after having been led round 
over the adjacent fixed mounting, continues as a diago- 
nal main tension cable to the centre of the roof, in that 55 
the other end of this cable has been connected in the 
centre to the ends of the other diagonal main tension 
cables, and in that each side top cable between each pair 
of fixed mountings is mainly tensioned vertically down- 
wards by means of a post-tensioning cable, all this in 60 
such a way that the centre of the roof is lifted to form 
the roof top, which top reaches a higher level than the 
side top cables on the spot where they meet with the 
roof valleys. 

According to the invention each side top cable, after 65 
having been led round one of its fixed mountings, con- 
tinues as a diagonal main tension cable to the centre of 
the roof. By tensioning the parts of this cable the same 



tension is introduced in the side top cable as in the diag- 
onal main tension cable. This tensioning is introduced 
by means of a post-tensioning cable which extends ap- 
proximately vertically, pulling down the side top cable 
between its two points of support in an approximately 
vertical direction. This will normally be carried out at 
the centre of the side top cable, but this is not strictly 
necessary. Tensioning in this way has a twofold result: 
the centre of the roof where all diagonal main tension 
cables meet and have been connected to one another is 
in this way raised to a level which approximates to that 
of the fixed mountings. If, moreover, the diagonal main 
tension cables are stiffened to become girders, the roof 
centre will be able to form an apex, which can even 
have a higher level than that of the fixed mountings. 
Another result of applying said post-tensioning cables is 
the fact that starting from the apex to the downwardly 
tensioned point of application of the post-tensioning 
cable to the side top cable, a roof valley is created in 
contrast to the diagonal main tension cables which form 
the roof ridges. 

Thus in an alternating way the roof structure is 
shaped by the diagonal main tension cables which form 
the roof ridges, and the roof valleys which run from the 
apex to the downwardly tensioned connection point in 
each side top cable. If a roof covering is fitted to this 
roof structure its dead load and its life load due to wind, 
snow, thermal influences, etcetera, tend to force the 
side top cable out of the desired plane. In order to pre- 
vent this, the invention according to a preferential form 
of executing, is characterized in that against each side 
top cable at the point of connection to the post-tension- 
ing cable at least one compression member has been 
placed with its one end mainley perpendicular to the 
cable, and the other end of this member being con- 
nected by means of cables to the same fixed mountings, 
between which the side top cable has been tensioned, 
and in that the other end of each compression member 
is connected by means of a cross tie cable to the apex or 
through the apex to the other end of one of the other 
compression members, all this in such a way that the 
side top cable is stiffened to remain in the desired side 
plane under load as well. In this way a first girder is 
created by means of tying cables and a compression 
member. It will be clear that in spanning a large surface, 
various other cables and members have to form the roof 
structure apart from the said cables, in order to be able 
to support the roof covering ultimately in a sufficiently 
stiff way. These additional cables and members are 
functionally to be compared with the aforementioned 
diagonal cables, cross tie cables and compression mem- 
bers. In the same way as described for the side top 
cable, it is possible in the plane of the roof structure and 
also perpendicularly to it and at different angles, to 
transform the cables and compression members into stiff 
girders. Although the said roof structure is ultimately 
stiff, in order to be able to adopt a stiff roof construc- 
tion, also a flexible roof of the tent-type can be fitted to 
it. It will be clear that the said cross tie cables, extending 
in the compression members ending in the lowest points 
of the side top cables, are constituting together the 
aforementioned roof valleys. 

As far as the roof, according to the invention, has a 
symmetrical ground plan with regard to the fixed 
mountings, the tensions in all the side top cables and in 
all diagonal main tension cables in case cf a symmetrical 
load on the roof, are about the same. In case of an asym- 
metrical ground plan of the roof, this may only partly be 
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the case. One of the principal advantages of the roof 
according to the invention is that it can cover almost 
any given ground plan. This is of course also due for the 
fixed mountings. The rainwater collected by the roof is 
drained off in a natural way through the roof valleys to 5 
the sides of the roof, from where, if desired, it may be 
drained off by means of rain pipes. 

A particular characteristic of the roof, according to 
the invention, consists of the fact that during the con- 
struction and the erection the cables ancl compression *° 
members which have previously been made to the de- 
sired length, can be assembled practically without pre- 
tensioning and consequently without difficulty. Only 
after all cables and compression members have been 
placed and have been brought to the right length by 
means of tensioners, the whole roof structure is post- 
tensioned by pulling the vertical post-tensioning cables 
downwards over the pre-calculated distance. 

The compression members mentioned before, will, 
with a view to the roof load, be mainly directed verti- 
cally, while compression members which have been 
fitted for the sake of windbracing and for other consid- 
erations with respect to the stability, can run in various 
directions, such as in horizontal planes. If certain sec- 25 
tions of main or cross tie cables are comparatively long, 
they can be stiffened into girders in the known way by 
using more than one compression member and cross tie 
cables. 

Because a great freedom is created by the invented 3Q 
roof structure, truss cables situated under the proper 
roof plane can e.g. be designed in a horizontal plane but 
also under certain angles, in order to form fastening 
elements under the suspended roof for e.g. lighting 
ornaments, hoisting equipment and other indoor provi- 35 
sions. 

According to the invention the roof is also character- 
ized in that the cables and/or compression members of 
the roof structure which define the upper side of the 
roof plane have mainly been embedded within the roof 43 
covering. By this it is achieved that the maintenance of 
these roof structure elements can be reduced to a mini- 
mum and that the roof covering insulates these elements 
against vibrations and temperature influences. Wear by 
relative movements over the cables is also prevented in 45 
this way. 

Further the roof consists of at least one upper sup- 
porting coarse mesh net and at some distance under it, a 
fine mesh net, the lower net being tightly anchored to 
the moderately tensioned roof structure. This net or 50 
both nets, together with the post-tensioning of the roof 
structure, have been tensioned up to the final design 
tension, before at least a first layer of the roof covering 
is applied. As it appears from the above, first the roof 
structure consisting of the cables and the compression 55 
members is fitted to the fixed mountings, and preten- 
sioned to such a degree that the desired geometry is 
nearly reached. Next the nets are fitted and anchored to 
the cables, after which the whole, including the nets, is 
post-tensioned up to the design tension by means of the 60 
downwardly directed post-tensioning cables. 

During the post-tensioning the above mentioned roof 
valleys are formed in the roof plane and the apex(es) 
and the ridges will reach the design level. 

Due to the above procedure it is possible to load the 65 
pretensioned roof structure already lightly, for instance 
with workers who lay and anchor the nets. After post- 
tensioning of the structure and the nets, a stiffness is 



obtained which is comparable with that of the classical 
girders constructed with stiff bars and strutts. 

According to a further preferred embodiment, the 
suspended roof consists of a lower fine mesh net and of 
a coarse mesh net which has been placed at a predeter- 
mined distance above the lower, the roof covering 
being poured or sprayed on the fine mesh net in a first 
layer of such a thickness that on it, after hardening, if 
necessary, the coarse mesh net can be fitted for re- 
inforcement. To this the second layer is applied, the 
coarse mesh net becoming embedded. If said net is suffi- 
ciently coarse, the first layer can eventually be applied 
through it. The coarseness or fineness of the nets is not 
only determined by considerations as to the strength, 
but also by considerations in connection with the vis- 
cosity of the roof covering material to be applied and 
the time required for hardening. Good moistening quali- 
ties are of importance as well. The nettings can to this 
effect be composed of glassfibre mats and the roof mate- 
rial of sprayed polyurethene foam, to which for the sake 
of weather resistance a layer of bituminous roofing felt 
or the like has been bonded. The roof structure which is 
already stiff of its own is, after hardening of the roof 
covering as far as stiffness and strength are concerned, 
completely comparable with a conventional stiff roof. 
An extra-ordinary advantage of the roof covering as 
described consists of the very simple and cheap way of 
its applying. After hardening the roofers will already be 
able to walk on the first layer, thus finishing the roof 
from the inside to the outside. The applied foams are of 
an organic nature. If, however, inorganic materials are 
required, the invention provides for it, in that the net- 
tings consist of glassfibre mats and in that the roof cov- 
ering material consists of stiff elements of e.g. foam- 
glass, which elements are bondened to the glass mats 
and to each other. Thus a completely weather-resistant 
stiff roof, which can be walked on, is obtained with a 
comparatively high insulating capacity. In this case the 
elements are fitted on top of the supporting net and 
consequently all roof-structural elements fall inside the 
space protected by the roof. For protection mainly 
against windload, a second net, e.g. made of glassfibre 
mats, may be fitted on top of the stiff roof covering 
elements. 

The suspended roof according to the invention has at 
least three fixed mountings, one or more of these may be 
positioned above the natural ground level on a yoke or 
column which are kept in position by pretensioned yoke 
or column cables, which run to other fixed foundations. 
The fixed mountings can, however, also be fitted to e.g. 
a concrete wall, such as e.g. applied with tanks or ware- 
houses. A suspended roof according to the invention 
covering them, may be of great value, thanks to its good 
insulating properties. 

A further important advantage of the roof construc- 
tion according to the invention is its safety against over- 
load. Where a conventional stiff roof with classical stiff 
girders would collapse completely in case of overload, 
the invented suspended roof may be provided at the 
fixed mounting with means which in case of overload, 
give a predetermined relaxation of the cable tensions by 
being flexible over a predetermined distance. It is true 
that due to this, fractures or cracks could occur in the 
stiff roof covering, but a complete collapse is prevented. 
In many cases it will be possible to repair the fractures 
or cracks after a re-tensioning procedure of the cables 
to the usual design tension. A great advantage of this is 
also the fact that in many cases lower safety coefficients 
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may be applied when designing the roof. Considerable 
economical advantages may be involved. 

Finally the fastening of one or more of the cables to 
the ends of the compression members can, according to 
a preferred embodiment, be achieved in a very simple 
manner, in case the compression member consists of a 
pipe with a square or round cross section, a bolt being 
lead right through the member near its end, and one or 
more cables have been laid parallel to the shank of the 
bolt against it in the longitudinal plane of the member 
and in case a cable clam^ tightly pulls the cables and the 
bolt together, all this in such a way that the cables have 
been fixed mutually and with respect to the compres- 
sion member. 
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permanent displacements of the fixed mountings can in 
this way also be taken up well. 

On the basis of the accompanying figures a preferred 
embodiment of the roof according to the invention will 
be further explained. 

FIG. 1 shows schematically a building with a roof 
structure according to the invention. 

FIG. 2 shows schematically two girders at the roof 
valleys of the suspended roof according to FIG. 1. 

FIGS. 3 and 4 show two mutually perpendicular 
sections of the cable mountings to a compression mem- 
ber, as applicable to the suspended roof according to the 
invention. 

FIGS. 5 and 6 are fragmentary cross-sectional views 



As advantages over conventional stiff roofs with stiff 15 of two different embodiments of the roof covering. 
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girders, there can be mentioned 

drainage of rainwater always to the sides of the build- 
ing as a result of the post-tensioning procedure, 

many cables can e.g. be led round the fixed mountings 
and round other mutual meeting points, due to which 
the number of cables is reduced, the tensions in the 
various parts of the cables will be equal, and there can 
be economized on tensioning means, 

that nets first serve as a formwork for applying the 
roof material and next as its reinforcements, that the 
number of members under compression is small and 
their length relatively short, 

that the roof structure, as the case occurs, can be 
erected and completed over an already existing building 
because the number of necessary columns or fixed 
mountings is very small, and much smaller than in case 
of conventional roofs, after which the old existing 
building can be pulled down in dry, 

that including the concrete foundations of the fixed 
mountings and the anchoring blocks for the post-ten- 
sioning, columns, if any, the roof structure, the nets and 
the roof covering, including the wages will amount to 
50% less than the cheapest equivalent conventionally 
insulated roof and even up to 20% cheaper than a con- 
ventional non-insulated roof. 

that the roof according to the invention, also when 
applying a utilitarian additional load does not need any 
supporting columns situated within the base area and 
that finally the construction offers an extremely great 45 
freedom of design, due to which the building can follow 
practically without restriction almost any form of the 
site available and consequently the available base area 
can be fully used, and provides the architect with an 
unknown freedom of design. 

Finally it can be pointed out that due to the method of 
building it is possible to apply, starting from the fixed 
mountings, a temporary higher auxiliary roof, under 
which the permanent suspended roof according to the 
invention can be erected in dry. The use of many appli- 
cable roof covering materials requires a processing in 
dry and in some cases also above certain minimum tem- 
peratures. With a view to this the roof is particularly 
suited for so-called weather-unaffected projects. The 
applied auxiliary roof could principally consist of the 
same constructive lay-out as the definite roof, although 
in a simpler form, such as e.g. without insulation. 

Further it is remarked that the thermal expansion of 
the various materials that have been used, is not differ- 
ent from that of conventional roofs and can in general 
without difficulties be taken up by the elasticity of the 
roof covering materials that have been used or by the 
filling materials of the seams. Temporary thermal and 
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In FIG. I a skeleton has been reproduced of a rectan- 
gular building with a roof in its entirety indicated by 1, 
the structure of which conforms to the invention. The 
building has two long and two short sides indicated by 
2 respectively 3. The base area is bounded by the sides 
4 up to 7. Vertically above the four angular points are 
the so called fixed mountings 8 up to 11. These are 
formed by the meeting point of the corner columns, of 
which one has been indicated as the fixed mounting 8, 
but of which the others are similar fixed mountings. The 
two corner columns 12 and 13 are situated in the plane 
of the side walls 2 and 3 and have their foundation on 
the natural ground level in foundation blocks 14 and 15. 
In the four angular points are, below the natural ground 
level pretensioning or guyblocks 16, and from these 
blocks mooring eyes 17 extend up to the ground level. 
To these eyes 17 are fitted pretensioning or guy cables 
18 with tensioning devices 19 incorporated in it, while 
the upper end has been attached to the corresponding 
fixed mounting 8. 

It is pointed out that the fixed mountings 8 up to 11 
can also be made in another way. As an example it can 
be stated that the fixed mountings could e.g. be situated 
in walls or concrete sides, which of course answer to 
the requirements as to strength which are dictated by 
the roof as described hereafter. 

The roof structure consists in principle of four side 
top cables 20, 22, 24, 26, the one end of the side top 
cable 20 being firmly fixed to point 11, the cable being 
led around the fixed mounting 8 in a diagonal direction, 
acting as diagonal main tension cable 21 to the centre 28 
of the roof. In a similar way the side top cable 22 is 
integral after rounding the fixed mounting 9 with the 
diagonal main tension cable 23. All diagonal cables have 
tensioning devices 29 and have been attached with each 
other by a ring 30 on the spot of centre 28. As it will 
turn out further on, the diagonal main tension cables 21, 
23, 25, 27 form ultimately the roof ridges of the roof. 
Each side top cable 20 forms together with its compres- 
sion member 31 which has been fitted in its centre, and 
the inner bracing cables 32 and 33, a stiff girder, namely 
the roofline side top girder. The side top cable 22 has 
been integrated into a stiff girder in a similar way, the 
inner bracing cable 34 forming one of the elements. The 
inner bracing cables 33 and 34 form one cable length 
which is led round in the fixed mounting 8, so that one 
tensioner 35 will suffice. The other inner bracing cables 
have been constructed in a similar way. 

In order to keep the side top cable 20 in the plane of 
the side wall 2 cross tie cables 36 have been fitted be- 
tween the inner end 37 of compression member 31 and 
the central ring 30. In FIG. l a construction is depicted 
in which the cross tie cable 36 has been connected with 
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the corresponding cross tie cable of side top cable 24. 
The same holds for the cross tie cables between the side 
top cables 22 and 26 at the short sides of the building. 
Here the required tensioning devices have been fitted as 
well. 5 

To point 38, where compression member 31 has been 
attached to the centre of side top cable 20, also a post- 
tensioning cable 39 has been attached which runs verti- 
cally downwards and which has been attached to eye 42 
by means of a tensioner 40 near the ground level. The 10 
eye 42 has been firmly fixed to a post-tensioning ballast 
block 41 which lies below the ground level. In a similar 
way the post-tensioning cables run in the plane of the 
other side walls vertically downwards from the centre 
of the side top cables 22, 24 and 26. The post-tensioning 15 
cable 39, however, can also be retensioned via other 
cable combinations, mainly in vertical direction. 

By what has been mentioned above the structure of 
the suspended roof according to the invention has been 
principally described. In the erection of the roof the 20 
post-tensioning cables 39 are at first unloaded and all the 
cables in the roof plane are lightly pretensioned by 
means of the pretensioning or guy cables 18 so that they 
with good approximation have the required position. 
Then by tensioning the post-tensioning cables 39, all the 25 
cables of the roof structure are tensioned up to the 
design or service tension. In doing so the centre 38 of 
the side top cable moves vertically downwards so that 
the compression member 31 with in its continuation the 
cross tie cable 36 takes the shape of a roof valley 30 
whereas the diagonal main tensioning cables 21, 23, 25 
and 27 will form roof ridges. Thus a stiff roof construc- 
tion with drainage from the roof centre to the centres of 
the four side top cables has been created. By the forma- 
tion of girders such as 20, 31, 32 and 33 the roof has been 35 
stiffened in the horizontal plane. 

FIG. 2 shows schematically the stiffening into a 
girder in the vertical plane of the compression members 
31 with in its continuation the cross tie cable 36 and thus 
also the creation of the apex 28 with apex ring 30. For 40 
reasons of simplification the apex ring 30 has been 
drawn in FIG. 2 as a point. FIG. 2 serves to be consid- 
ered as an addition to the roof structure according to 
FIG. 1. In a similar way other cables in the roof and, if 
appropriate, in the side walls of the building, could be 45 
stiffened into girders, if circumstances would require. 
This can take place both in the plane and perpendicular 
to the plane of the roof or the wall. 

For this reason a short vertical compression member 

43 has been placed in the apex 28-30, to the lower end 50 

44 of which a lower running cable 45 has been fitted 
which runs to point 38 in the centre of the correspond- 
ing side top cable 20. In the lower running cable 45 a 
tensioning device 46 has been installed. In a similar way 

a lower bracing cable has been tensioned to the side top 55 
cable 24, resulting in a stiff girder formed in the vertical 
plane. 

Since in many cases the dimensions are such that the 
described stiffening is insufficient, the girder can be 
further subdivided by fitting a next vertical compres- 60 
sion member 47 which is coupled to point 37 and is 
fastened to cable 45. A diagonal cable 48 with tension- 
ing device completes this subdivision by connecting 
point 37 with point 44. In a similar way the other roof 
structure cables are stiffened into girders as has been 65 
indicated schematically at 49. 

Attention is drawn to the fact that by means of the 
lower running cables 45 the level of the apex 28-30 can 



be varied with respect to the fixed mountings 8 up to 11. 
Due to this on the one hand the angle of inclination of 
the various roof planes can be chosen as desired, but on 
the other hand the lower running cables 45, which are 
inside the building under the roof, can also be brought 
into the desired plane. In particular it is possible to bring 
all the lower running cables 45 into the same horizontal 
plane. Moreover, the lower running cables 45 make it 
also possible to be used as supports for illumination 
fittings and the like. From an analysis of the roof struc- 
ture as depicted in the FIGS. 1 and 2 it appears that 
with a minimum of pressure-loaded compression mem- 
bers, a stiff roof is created by exclusively using cables 
for all other elements. 

In the FIGS. 3 and 4 has, by way of exemple, been 
depicted a possible fastening device between the end of 
a compression member and a number of cables which 
pass approximately perpendicularly to the member. In 
this case such a connection can consist of one compres- 
sion member with one cable but also of one compression 
member with various cables, in which case these cables 
need not run in the same plane with the compression 
member. 

An advantage of the hereunder described connection 
consists of the fact that the system is very simple, uni- 
versal, that is to say, suited for the fastening of more 
than one cable to one end of the compression member, 
while during the erection phase of the building struc- 
ture and the roof the connection still enables relative 
movements between the cables mutually and with re- 
spect to the compression member, before the connec- 
tion finally is tightened. Both FIGS. 3 and 4 show 
partly sectional views and partly side views of such a 
connection, FIG. 4 representing a perpendicular section 
according to the line 4 — 4 of FIG. 3. Although accord- 
ing to the invention various cables continue past a point 
a change of direction such as e.g. the ridge or one of the 
fixed mountings, and during the erection of the building 
or the roof must be able to slide mutually in said point, 
as is represented by the FIGS. 3 and 4, there are, how- 
ever, also other connecting points where one of the 
cables ends. Although this has not been depicted, 
known cable constructions are applicable in this case, 
such as e.g. fitting a cable eye to the depicted cable 
clamp. Since an arbitrary compression member has been 
depicted in FIGS. 3 and 4, this has also got an arbitrary 
reference 50. Near its one end extends, via two holes, a 
pen in the form of a bolt 50 with nut 51, right through 
the compression member. Thus the shank of the bolt 53 
follows a diametrical line in case the cross section of the 
member is circular, but square or rectangular sections 
are also possible. Round the centre of the shank 53 a 
U-shaped cable clamp 54 is fitted, on the two free ends 
of which thread has been cut. Over this falls the well- 
known gripping jaw 55 which can be forced further 
over the U-shaped cable clamp by means of two nuts 56. 
In this case the cables and the shank 53 are pulled 
against each other between the jaw and the body of the 
U-shape. As an example two passing cables with refer- 
ence numerals 57 and 58 have been depicted. Where the 
cables traverse the end of the compression member it is 
advisable to prevent sharp kinks in the cable and other 
damages, by means known to the expert, e.g. by break- 
ing sharp edges or by protecting the cable with a cover. 

The FIGS. 3 and 4 only give examples of the very 
simple way in which the whole cable system can be 
fitted mutually and to the compression members and 
also between compression members mutually, in such a 
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way that it still is possible during the erection and the 
pretensioning to shift them slightly and that after this 
they can be secured definitely. 

As regards the protection against overload, if any, the 
fixed mounting can be fitted with means which in case 5 
of overload give a predetermined relaxation of the cable 
tension by being flexible over a predetermined distance. 

In FIG. 1 this can easily be made clear because in the 
pretensioning cables 18 a breaking link for the relax- 
ation can be fitted (only indicated in FIG. 1) which 10 
collapses above a predetermined maximum working 
load. Parallel to this breaking link, however, two other 
links have been inserted in the system which after giv- 
ing way over a predetermined distance — to the length 
of some centimeters — depending on the size of the 15 
building, becomes tightened to take up the remaining 
load. Due to this the building structure as such is 
slightly deformed, but the complete cable structure 
remains unimpaired, is highly relieved and prevents the 
complete collapse of the building. Also the very elastic 20 
nets that have been inserted in the roof can, in general, 
handle these deformations without being damaged. 
Only in the actual stiff roof coverings fractures can 
occur. The roof, however, remains in principle stiff and 
stable. After the cable structure has again be brought to 25 
the design tension, the fractures that have occurred in 
the stiff roof can in many cases easily be repaired. 

In the stage of pretensioning, the nets are tightly 
fitted to the cables and to the compression members. To 
this effect a number of fitting methods are known to 30 
experts both by means of clamping strips, individual 
clamps or also by means of bonded doublings. Stiff roof 
elements can be attached to the nets with known adhe- 
sives and moreover be secured by means of metal or 
other clamps. After completion the roof can be walked 35 
upon for inspection and maintenance. 

Specifically, as shown in a first embodiment in FIG. 
5, the roof comprises an upper supporting coarse mesh 
net 60 and a fine mesh net 61 which is disposed at a 
predetermined distance therebelow. At least net 61 is 40 
tightly anchored to the moderately pretensioned roof 
structure 62. At least one of the nets has been tensioned 
up to the final design tension together with the post-ten- 
sioning of the roof structure, before the roof covering 
63 is applied. Nets 60 and 61 are glass-fibre mats. The 45 
material of covering 63 is spray-applied polyurethane 
foam. On the upper side, an attached layer of bitumi- 
nous roof felt 64 completes the roof. 

In FIG. 6, a second embodiment is shown, in which 
the coarse and fine mesh nets 60 and 61 are also present, 50 
as is the bituminous roof felt 64. But in place of the 
polyurethane foam 63 between the nets 60 and 61, there 
is applied a series of stiff elements of foam glass 65 
which are secured to the glass-fibre mats and to each 
other by adhesive 66. 55 

I claim: 

1. Suspended roof, supported by at least three fixed 
mountings, of which the supporting roof structure 
mainly consists of a cable rope construction to which a 
weather-proof roof covering is applicable, adapted for 60 
rainwater drainage to the sides, with diagonal main 
tension cables led from the fixed mountings which meet 
in the centre of the roof and which form the roof ridges, 
and with side top cables, 

the roof valleys running into the side top cables be- 65 
tween each pair of fixed mountings, characterized 
in that each side top cable (20, 22, 24, 26) has been 
fixed with its one end to one of the fixed mountings 
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(11, 8, 9, 10) and after having been led round the 
adjacent fixed mounting (8, 9, 10, 11), continues as 
a diagonal main tension cable (21, 23, 25, 27) to the 
centre (28) of the roof, 

in that the other end of this cable has been connected 
in the centre (28) to the ends of the other diagonal 
main tension cables and in that each side top cable 
is mainly tensioned vertically downwards between 
each pair of fixed mountings by means of a post- 
tensioning cable, 

all this in such a way that the centre of the roof is 
lifted to form the roof apex (28), this apex being 
raised to a higher level than the side top cables on 
the point where they meet the roof valleys (38). 

2. Suspended roof according to claim 1, characterized 
in that against each side top cable (20) on the point of 
connection (38) with the post-tensioning cable (39) at 
least one compression member (31) has been with its 
one end placed mainly perpendicularly on the cable 
(20), the other end of this member (31) being connected 
by means of cables (32, 33) to the same fixed mountings 
(8, 11) between which the side top cable has been ten- 
sioned, 

and in that the other end (37) of each compression 
member (31) has been connected by means of a 
cross tie cable (36) to the apex (28) or through the 
apex to the other end of one of the other compres- 
sion members, all this in such a way that the side 
top cable is stiffened to remain in the desired side 
plane under load as well. 

3. Suspended roof according to claim 1, in which the 
cables forming part of the roof structure have been 
stiffened into girders by means of compression members 
and bracing cables, characterized in that the cables 
and/or compression members of the roof structure 
which define the upper side of the roof plane have 
mainly been embedded within the roof covering. 

4. Suspended roof according to claim 1, characterized 
in that the roof consists at least of an upper supporting 
coarse mesh net and of a fine mesh net which has been 
placed at a predetermined distance below, and in that at 
least the lower fine mesh net has been tightly anchored 
to the moderately pretensioned roof structure and in 
that at least one said net is tensioned up to the final 
design tension together with the post-tensioning of the 
roof structure, before at least an initial layer of the roof- 
covering is applied. 

5. Suspended roof according to claim 4, characterized 
in that the roof consists of an upper supporting coarse 
mesh net and of a fine mesh net at a predetermined 
distance below, the roof covering material being ap- 
plied to the fine mesh net in one or more layers of such 
a thickness that, after hardening, the coarse mesh net 
has been completely embedded to act as reinforcement 
as well. 

6. Suspended roof according to claim 4, characterized 
in that the nettings consist of glass-fibre mats and in that 
the roof material consists of spray-applied polyurethene 
foam, with on the upper side an attached layer of bitu- 
minous roof felt or the like. 

7. Suspended roof according to claim 4, characterized 
in that the nettings consist of glass-fibre mats and that 
the roof material consists of stiff elements of foam glass, 
which have been fixed to the glass mats and to each 
other. 

8. Suspended roof according to claim 1, characterized 
in that one or more of the fixed mountings have been 
fitted above the natural ground level on a yoke or col- 



umn, which is kept in position by pretensioned yoke or 
column cables running to other fixed foundations. 

9. Suspended roof according to claim 1, characterized 
in that the fixed mounting has been fitted with means 
which in case of overload give a predetermined relax- 
ation of the cable tensions by being flexible over a pre- 
determined distance. 

10. Suspended roof according to claim 1, one or more 
of the cables being fastened to the end of a compression 
member, characterized in that the compression member 
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consists of a pipe with a square or round cross section, 
a bolt being led right through the member near its end, 
in that one or more cables have in the longitudinal 
plane of the member been laid parallel to the shank 
5 of the bolt against it 

and in that by means of a cable clamp the cables and 
the bolt have been tightly pulled together, all this 
in such a way that the cables have been fixed mutu- 
ally and with respect to the compression member. 
10 ***** 
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[57] ABSTRACT 

A continuous process for the manufacture of cellular 
ceramic product. Ceramic feed material is transported 
successively through a preheat kiln section, through a 
foaming section whereat foaming agent mixed with the 
ceramic feed material is activated, and into a drawing 
kiln section. An elongate hollow product can be formed 
by drawing the foamed ceramic while soft around and 
past a hollow mandrel to form an elongate hollow cylin- 
drical member. 

4 Claims, 5 Drawing Figures 
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METHOD FOR MAKING CONTINUOUS FOAM 

GLASS PRODUCT 
This is a division of application Ser. No. 641,810, filed 
12/17/75, now U.S. Pat. No. 4,038,063, granted 5 
7/26/77. 

FIELD OF THE INVENTION 

The present invention relates to the field of glass, 
more particularly the manufacture of foamed glass. 10 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

An object of the present invention is to provide a 
process whereby a cellular ceramic product, which can 15 
be referred to simply as "foamed glass," is produced in 
a continuous and economical manner in the form of 
elongate members, more particularly in the form of 
hollow elongate cylinders. In such form, the foamed 
glass product can be used as a structural member in a 20 
number of industries including the housing industry as a 
bearing member, in processing industries as conduit, for 
example, as sewer pipe, and, in a particular exemplifica- 
tion, as a telephone pole or power line to replace wood 
poles. Particularly in the last utility, it will be appreci- 25 
ated that increasing demand for wood by numerous 
industries has caused shortages in the supply of wooden 
poles. Because of the inherent properties of the wood 
selected for such poles, they are excellent support mem- 
bers for high tension power lines and power poles have 30 
been constructed varying in length from 25 feet to al- 
most 100 feet and formed to bear horizontal loads rang- 
ing in weight from below 400 lbs. to in excess of 1 1,000 
lbs. However, material shortages and the competing 
demands for wood make it desirable to provide a substi- 35 
tute material. Such a material should be readily avail- 
able, easily formed in lengths up to 100 feet, be able to 
withstand a stress of 5,000-8,000 psi, be economical in 
comparison with the purchase cost and life cycle cost of 
wood, be attractive or be capable of being made attrac- 40 
tive, be fireproof and be a good electrical insulator. 

The present invention provides such a material in the 
form of foamed glass produced by a continuous process 
which enables a pole structure to be directly obtained. 
In this general form, any glass composition can be used 45 
with appropriate foaming agents. In preferred embodi- 
ments, further economies are obtained by utilizing fly 
ash as a glass base or as a filler. Fly ash (calcium alumi- 
no-silicate, containing iron) is generated from coal and 
usually considered a waste material so that its utilization 50 
provides an extremely economical product. 

More specifically, a continuous process is provided 
for the manufacture of cellular ceramic product in 
which a foaming agent is added to a ceramic feed, the 
foaming agent requiring a temperature in excess of 500° 55 
C. for activation. The process comprises transporting 
ceramic feed through a first kiln section and preheating 
it at a temperature of at least 500° C, but lower than the 
foaming agent activation temperature. Thereafter, the 
ceramic feed is transported into a second kiln section 60 
and a mixture thereof with the foaming agent is heated 
to the activation temperature for a time sufficient to 
form the foamed ceramic. The foamed ceramic is then 
transported while it is at or above its softening point to 
a drawing kiln section from which it is gathered and 65 
formed into product. The process is continuous so that 
while a first amount of the ceramic feed is fed through 
the kiln sections it is followed by a second amount ei- 



ther as a separate batch or continuously in a stream. In 
the first case, the ceramic feed mixture is initially depos- 
ited in powder form on refractory plates which are 
conveyed through the kiln sections, and the process can 
be referred to as a "power process." In the second case, 
the ceramic material and foaming agent are heated to 
melt together in a tank, and the process can be referred 
to as a "tank process." The powder process is particu- 
larly useful where it is desired to add the foaming agent 
directly to the ceramic feed whereas a tank process is 
particularly suitable for adding the foaming agent to the 
feed after preheating, i.e., after passage of the ceramic 
feed to the first kiln section. Additionally, as a result of 
thermal balances, the powder process is most suitable 
for the use of fly ash as a filler and a ceramic feed can be 
used containing about 1-30% by weight of fly ash. The 
tank process is particularly suitable for use of fly ash as 
the major component. 

The product obtained is formed as an elongate mem- 
ber having a length of at least 10 feet and a width dimen- 
sion of about 3-36 inches. Preferably, the elongate 
member is in hollow tubular form and is obtained by 
drawing the foamed ceramic, while soft, around and 
past a hollow mandrel while air is passed through the 
mandrel. Specifically, with a preheat temperature of 
about 500°-750° C. and an activation temperature of 
about 800°- 1200° C, a foamed ceramic product is 
formed having a cellular structure of closed, elongate 
bubbles in which the bubbles have a diameter in the 
range of about O.dl mm to about 1 cm and a length in 
the range of about 2 mm to about 5 cm, the volume of 
said bubbles constituting about 10% to about 90% of 
the volume of the foamed ceramic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of apparatus 
utilized in a process conducted in accordance with one 
embodiment of the present invention wherein ceramic 
feed material is fed in batch form through tandemly 
arranged kilns; 

FIG. 2 is a cross-sectional detail view of a portion of 
the apparatus of FIG. 1 illustrating the formation of a 
hollow elongate member; 

FIG 3 is a perspective view of one end of a hollow 
elongate member formed in accordance with the pres- 
ent invention; 

FIG. 4 is a cross-sectional view of a portion of the 
elongate member of FIG. 3, taken on line 4 — 4 of FIG. 
3; and 

FIG. 5 is a schematic representation of apparatus 
utilized in a process conducted in accordance with a 
second embodiment of the present invention. 

DETAILED DESCRIPTION 

As required, detailed illustrative embodiments of the 
invention are disclosed herein. However, it is to be 
understood that these embodiments merely exemplify 
the invention which may take forms that are different 
from the specific illustrative embodiments disclosed. 
Therefore, specific structural and functional details are 
not to be interpreted as necessarily limiting, but as a 
basis for the claims which define the scope of the inven- 
tion. 

Referring to FIG. 1, a continuous process is illus- 
trated in which batches 10 of ceramic feed material are 
transported through a section of a preheat kiln 12. A 
plurality of flat refractory plates 14, e.g., of asbestos, are 
linked together by chain 16 and carried over rollers 18 



4,124,365 



in endless loop fashion through the preheat kiln 12 and 
through an adjacent, tandemly disposed foaming kiln 20 
and from there into and out of a drawing kiln 22, return- 
ing back to the preheat kiln 12, Downstream of the 
preheat kiln 12, there is located a feed hopper 23 con- 5 
taining a release agent 24. The release agent can be 
carbon black, silicon fluid, or other such material as 
known to the glass art which will serve to prevent the 
ceramic feed from sticking to the refractory plates. 
Movement of the refractory plate past the release agent 10 
hopper 23 engages a linkage connected to a valve 26 on 
the hopper 23 resulting in deposition on the surface of 
the refractory plate of a quantity of the release agent 24. 
The refractory plate 14 then travels into the preheat kiln 
section 12 and past a hopper 28 containing ceramic feed 15 
material 30. The feed material 30 travels past baffles 32 
and onto the refractory plate 14, also as a result of actu- 
ation by movement of the plate against linkage con- 
nected to a valve 34 located at the neck of the hopper 
28. 20 

The preheat kiln 12 includes a top preheat kiln 36 
surrounding the neck of the ceramic feed hopper 28 and 
which is heated by means of burners 38 therein. Addi- 
tionally, the preheat kiln 12 includes a bottom preheat 
kiln section 40, also heated by means of burners 42. The 25 
flames of the burners 38 and 42 play upon adjacent 
metallic wall panels so that the heat supply within the 
kiln is indirect. Of course, the rollers 18 are formed of 
refractory ceramic material so as to not be adversely 
affected by the heat generated by the burners 38 and 42. 30 
Appropriate valves 44 are provided for each burner so 
as to permit control of temperature as desired. 

In the embodiment depicted in FIG. 1, the ceramic 
feed material 30 includes a foaming agent mixed there- 
with, and which will be described in more detail herein- 35 
after. The temperature generated in the preheat kiln 12 
is at least 500° C, but is below the temperature required 
for activation of the foaming agent. Generally, the pre- 
heat temperature is in the range of about 500°-750° C. 

The preheated mixture of ceramic feed and foaming 40 
agent is transported into the foaming kiln section 20 
which is heated by burners 46 to a temperature which is 
sufficiently high to activate the foaming agent, gener- 
ally in the range of about 800°- 1200° C. Activation of 
course, is not instantaneous but occurs over several 45 
seconds and the apparatus is designed so that as the 
ceramic feed material foams it it is transported into the 
drawing kiln section 22. At the drawing kiln section 22 
the foamed ceramic 48 is further heated by the open 
flames of burners such as at 50 and 52, controlled by 50 
appropriate valves as at 54. As a result of the natural 
forces involved in formation of the foamed ceramic 48, 
it rises within the drawing kiln section 22. 

During start-up operation of the process, the initial 
amount of foamed glass 48 is gathered by insertion into 55 
the product of a bait 56, as is known in the glassmaking 
art. The bait is pulled upwardly, as indicated by the 
arrow 58, through an opening 60 in the roof 62 of the 
drawing kiln 22 until it emerges from the opening. After 
the bait has drawn out an initial length of foamed ce- 60 
ramie product, the gather is thereafter transported by 
means of rollers or other mechanism (not shown) and 
the bait is simply broken away. The gather is continu- 
ously directed to a forming station to be formed into an 
elongate foamed ceramic product. 65 

Referring to FIG. 2, details are illustrated of a partic- 
ular forming process which can be used in conjunction 
with the apparatus of FIG. 1. In particular, a top section 



is shown in detail of the drawing kiln 22, roof 62 and 
opening therein 60. A pair of refractory, pointed for- 
mers 64 and 66 are located within the opening 60 spaced 
one from the other and centrally below which is dis- 
posed the terminal end of a conical, hollow mandrel 68. 
A stream of air, as indicated at 70, is fed through a 
conduit 72 through the hollow mandrel 68, exiting from 
the top thereof as indicated by the arrow 74. The initial 
gather of foamed glass 48 is directed by the bait around 
and past the outer surface of the hollow mandrel 68 and, 
as a result of the stream of air 70, forms into a hollow 
tubular member 76. The bait carries the initial product 
between a pair of rollers 78 and 80 spaced sufficiently 
distant from the drawing kiln so that the product drawn 
therebetween at that point is cooled enough to be rigid 
and substantially nondeformable. The bait is broken 
away above the rollers 78 and 80, which rollers are then 
rotated (by means not shown) to continue drawing the 
tubular product 76 from the drawing kiln 22 at a desired 
rate. 

The rate of drawing is chosen so as to obtain a desired 
thickness of tube coordinated with the rate of move- 
ment of the ceramic feed material through the appara- 
tus. The drawing rate can range from 1 inch per second 
to 1 inch per ten minutes and the viscosity of the foamed 
ceramic from the foaming kiln section to the exit of the 
drawing kiln is in the range of 1 poise- 10,000 poises. 
The general physical properties of the resultant product 
will include a density in the range of 15-90 lbs./ft 3 , a 
coefficient of thermal expansion of about 7 to 12 X 
Iq-6/o Q f zero fl ame spread under ASTM E84 and 
noncombustibility under ASTM El 36. 

Referring to FIGS. 3 and 4, the tubular product 76 
formed as a result of the process is an elongate continu- 
ous member of foamed ceramic. As particularly shown 
in FIG. 4, the foamed ceramic has a cellular structure of 
closed elongate bubbles 82 having an elongate configu- 
ration and, as a result of the drawing process practiced 
herein, the majority of the bubbles are in substantial 
axial alignment. In other words, the longitudinal axis of 
most of the bubbles are extended in the direction of 
drawing of the tubular member. With the ceramic feed 
formulations and conditions hereinafter described, the 
bubbles have diameters substantially in the range of 
about 0.01 mm to about 1 cm and lengths substantially 
in the range of about 2 mm to about 5 cm, the volume of 
the bubbles constituting about 10% to about 90% of the 
volume of the elongate member 76. 

Immediately following formation of the cellular ce- 
ramic tubular product, it is conveyed to an annealing 
lehr and maintained therein for a time sufficient to re- 
lieve strain. The amount of annealing depends, of 
course, on the composition of the glass mix and thick- 
ness of the product. Initially, the product is annealed at 
about 5° C. above its annealing point for a time ranging 
from about 5 minutes for J inch thick product to i hour 
for i inch product and longer, proportionately, for 
thicker products. The annealing point soda lime glass is 
about 545° -555° C; for lead-alkali glass, about 
430°-435° C; and for borosilicate glass, about 495°-505° 
C. The specific annealing point for any particular glass 
composition can be approximated using tables of known 
annealing points for various compositions, all as known 
in the glassmaking art. 

Thereafter, the product is cooled to just below its 
strain point over a period ranging from about 5 minutes 
to a period which is about § of the time the product is 
maintained above its annealing point. The strain point 
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for soda lime glass is about 505°-5 10° C; for lead-alkali 
glass, about 390°-395° C; and for borosilicate glass 
about 455°-520° C. Here too, the specific strain point 
can be approximated from known composition-strain 
point tables. Finally, the product is cooled to about 50° 
C. below the strain point over a somewhat shorter per- 
iod and over a still shorter period to room temperature, 
all as generally known in the glass-making art. 

Referring now to FIG. 5, an alternative embodiment 
is illustrated which can be referred to as a tank process 
and which includes a feed section 84, a preheat kiln 
section 86, a foaming kiln section 88, which can also be 
referred to as the "tank," and a drawing kiln section 90. 
In this embodiment, the sections are all connected to- 
gether and the feed material is continuously moved by 
means of auger screw feeders. Additionally, the foam- 
ing agent is added to the ceramic feed after preheating 
of the ceramic feed. 

Specifically, the feed section includes a hopper 92 
into which is fed ceramic feed material 93 which travels 
down the elongate neck section 94 to the horizontally 
disposed preheat section 86. Within the preheat section 
86 there is located a screw feed 96 with auger flights 98 
driven by a motor 100 and pitched so as to drive the 
ceramic material through the preheat section 86 toward 
and into the foaming section 88. The preheat kiln sec- 
tion 86 is heated by burners 102, controlled by valves, 
such as at 104, so that the material within the preheat 
section is heated to about 500°-750° C. 

The terminal end of the preheat kiln section 86 opens 
into a mixing chamber 106. Foaming agent 108 is deliv- 
ered into the mixing chamber 106 by means of a chute 
110 connected thereto and fed from a hopper 112. A 
screw feed is located within the mixing chamber 114 
and has its auger flights 116 rotated by a motor 118 so as 
to direct the ceramic feed 93 and foaming agent 107, as 
a mixture, through a perforated refractory plate 118 
(e.g., of asbestos) into the foaming kiln, or tank, section 
88. At that section, additional burners 120 heat the mix- 
ture past the activation temperature of the foaming 40 
agent, to a temperature of 800°C.-1200° C, causing the 
mixture to foam whereupon it rises as foamed glass 122 
into the drawing kiln 98. As with the process depicted 
in FIG. 1, initially a bait is lowered into the drawing 
kiln to gather the foamed glass and it is thereby drawn 45 
out of the drawing kiln 90 and directed upwardly as 
indicated by the arrow 124, or horizontally as indicated 
by arrow 126, to a product forming station. The prod- 
uct can be formed into a hollow elongate member as 
depicted in FIGS. 3 and 4 by means of ancillary appara- 
tus as shown in FIG. 2. In the particular embodiment 
illustrated in FIG. 5, the drawing kiln 90 is surrounded 
by a shell 128 spaced therefrom. Hot air 130 from the 
drawing kiln 90 escapes through openings 132 into the 
space between the shell 128 and the drawing kiln 90, 
and is directed back to the burner section below and 
above the preheat kiln section 86 enclosed by horizontal 
extension walls 134 of the shell 128. The process is made 
more efficient by such utilization of the hot air returned 
from the drawing kiln. 

In the most general form of the invention, any ce- 
ramic feed material can be used which will form a glass 
composition, including glass itself. Of course, silicates 
(SiOa) such as is the predominate component of sand, is 
the major constituent of most commercial glasses and 
constitutes a fundamental material in the present ce- 
ramic feed. Additionally, soda (Na 2 0) and lime (CaO) 
can be used as common ingredients as can potash (K2O), 
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lead oxide (PbO), magnesium oxide (MgO), aluminum 
oxide (AI2O3), boron trioxide (B2O3), and the like. Ad- 
ditionally, oxidizing or reducing agents, or decolorizing 
or coloring agents can be added, as can opacifying or 
nucleating agents, as well as excess glass from a previ- 
ous melt such as cullet as generally known in the glass- 
making art. 

In addition to the usual oxides found in ordinary 
the present invention is found to be particularly 
suitable for the incorporation of fly ash. Fly ash is usu- 
ally an iron bearing calcium alumino-silicate generated 
from coal and is usually considered as waste material. In 
conducting fhe powder process as described with re- 
spect to FIG. 1, one can add from 1 to 30% fly ash as 
filler, thus diluting the ceramic with an inexpensive 
material yet which provides a product having all the 
desired properties. In conducting the tank process as 
described with respect to FIG. 5, one can use substan- 
tially more fly ash and in fact one prefers to use at least 
50 weight percent fly ash and can conduct the process 
entirely with fly ash. Accordingly, one can use from 
50% to 100% fly ash, the remainder, if any, to be consti- 
tuted of the usual glass forming oxides. 

As foaming agent, one can use any material that is 
usually used in foaming glass. Accordingly, one can use 
inorganic carbonates such as sodium carbonate, lithium 
carbonate, potassium carbonate, dolomite, or inorganic 
sulfates such as sodium sulfate, potassium sulfate and the 
like or one can simply use carbon such as carbon black 
or the like. The amount of foaming agent used can be in 
the range of about 0.5-20% of the weight of the ceram- 
ic-forming materials, but lower or higher amounts can 
be used for specific effects. 

The following examples, in which all parts and per- 
centages are by weight, will further illustrate the inven- 
tion. 

EXAMPLE 1 

A process can be conducted utilizing the apparatus 
depicted in FIGS. 1 and 2 to obtain an elongate pole 
structure of foamed ceramic having the physical char- 
acteristics hereinbefore described. As a ceramic feed, 
one can use a mixture of 2% fly ash and 98.0% other 
glass-foraiing oxides. As the other glass-forming oxides 
one can use a mixture comprising 73.0% SiC>2, 13.5% 
Na 2 0, 9.0% CaO, 3.0% MgO and 1.5% A1 2 0 3 . As the 
fly ash one can use Ohio fly ash comprising 52. 1% Si0 2 , 
32.0% A1 2 0 3 , 3.3% Fe 2 0 3 and 12.6% impurites. As 
foaming agent one can use calcium carbonate, in an 
amount equal to 10% of the weight of the glass-forming 
oxides and fly ash, mixed in therewith. 

Carbon black can be placed on the refractory plates, 
as a release agent. The preheat kiln section can be 
heated so that the ceramic feed material attains a tem- 
perature therein of 650° C, with a maximum of 750° C. 
The foaming kiln section can be heated so that the ce- 
ramic feed mixture attains a temperature therein of 950° 
C. The gather can be drawn at a pull rate of about J 
inch/second and with a viscosity at the drawing point 
of about 5000 poises. A tubular cellular ceramic product 
can thus be obtained having 50% porosity where the 
bubbles constituting the pores have an average diameter 
of 1 mm and an average length of 4 mm. The product 
has a thickness of £ inch and is annealed at 553° C. for 
about 60 minutes followed by a reduction in tempera- 
ture to about 500° C. over about 40 minutes, and then to 
about 450° C. over a period of about 25 minutes, to 
room temperature over about 20 minutes. A product is 
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obtained having the general physical properties as here- 
inbefore described. 

EXAMPLE 2 

The process described in Example 1 can be repeated, 5 
but using a ceramic feed mixture in which 10.0 weight 
percent fly ash is mixed with other glass-forming ox- 
ides. The other glass-forming oxides can comprise 
73.6% Si0 2 , 16.0% Na 2 0, 0.6% KaO, 5.2% CaO, 3.6% 
MgO and 1.0% AI2O3. As the fly ash one can use mate- 10 
rial comprising 32.0% Si0 2 , 20.8% A1 2 0 3 , 34.9% 
Fe 2 C>3 and 12.3% impurities. The foaming agent can be 
sodium carbonate at a level of 5%. The product can be 
annealed using the schedule in Example 1, but at 515° 
C, followed by a reduction in temperature to 465° C, 15 
then to 415° C. and, finally, to room temperature. A 
product can thus be obtained having the general physi- 
cal properties as hereinbefore described. 

EXAMPLE 3 20 

The process described in Example 1 can be repeated 
but one can mix 21.0 weight percent fly ash with other 
glass-forming oxides. As such other glass-forming ox- 
ides, one can use a mixture comprising 63.0% Si0 2 , 
7.6% Na 2 0, 7.0% K 2 0, 0.3% CaO, 0.3% MgO, 0.2% 25 
B 2 0 3 , 0.6% A1 2 0 3 and 21.0% PbO. As fly ash, one can 
use material comprising 50.1% Si0 2 , 33.2% Al 2 03, 
10.7% Fe 2 0 3 and 6.0% impurities. The foaming agent 
can be potassium sodium sulfate at a level of 18%. The 
product can be annealed using the schedule in Example 30 
1, but at 440° C, followed by a reduction in temperature 
to 390° C, then to 340° C, and, finally, to room temper- 
ature. A product can thus be obtained having the gen- 
eral physical properties as hereinbefore described. 

EXAMPLE 4 3 

A process can be conducted utilizing the apparatus 
depicted in FIGS. 5 and 2 to obtain an elongate pole 
structure of foamed ceramic having the physical char- 
acteristics hereinbefore described. As a ceramic feed 40 
material added to the preheat kiln section, one can use a 
mixture of 55.0% fly ash and 45.0% of other glass-form- 
ing oxides. As the other glass-forming oxides, One can 
use a mixture comprising 75.0% Si0 2 , 10.1% Na 2 0, 
1.3% K 2 0, 7.3% CaO, 4.8% MgO and 1.5% A1 2 0 3 . As 45 
the fly ash, one can use Ohio fly ash comprising 40.3% 
Si0 2 , 21.5% A1 2 0 3 , 27.5% Fe 2 0 3 and 10.7% impurities. 
As foaming agent added separately, following preheat, 
as above described, one can use calcium carbonate at 
the rate of 10% of the ceramic feed mixture. 50 

The preheat kiln section can be heated so that the 
ceramic feed material attains a temperature therein of 
700° C. with, a maximum of 750° C. The foaming kiln 
section can be heated so that the mixture of foaming 
agent and ceramic feed mixture attains a temperature 55 
therein of 1000° C. The gather can be drawn at a pull 
rate of about 1 inch per second and with a viscosity at 
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the drawing point of about 1000 poises. The product has 
a thickness of J inch and can be annealed using the 
schedule in Example 1. A tubular cellular ceramic prod- 
uct can thus be obtained having 50% porosity wherein 
the bubbles constituting the pores have an average di- 
ameter of 1 mm and an average length of 4 mm, the 
product having the general physical properties as here- 
inbefore described. 

EXAMPLE 5 

The process of Example 4 can be conducted but one 
can use a ceramic feed mixture containing 75% fly ash. 
The other glass-forming oxides can be formed from a 
mixture containing 80.5% Si0 2 , 4.0% Na 2 0, 0.4% 
K 2 0, 12.9% B 2 0 3 and 2.2% A1 2 0 3 . The fly ash compo- 
nent can comprise 45.7% Si0 2 , 29.8% A1 2 0 3 , 17.9% 
Fe 2 03 and 6.6% impurities. The foaming agent can be 
lithium carbonate at a level of 2.0%. The product can be 
annealed following the schedule of Example 1. A tubu- 
lar cellular product can thus be obtained having the 
general physical properties hereinbefore described. 

EXAMPLE 6 

The process of Example 4 can be repeated but using 
100% fly ash having the following composition: 44.6% 
Si0 2 , 35.4% A1 2 0 3 , 12.4% Fe 2 0 3 and 7.6% impurities. 
The foaming agent can be dolomite at a level of 15%. 
The product can be annealed following the schedule of 
Example 1. A tubular cellular product is thus obtainable 
having the general physical properties hereinbefore 
described. 

We claim: 

1. A moldless process for the manufacture of cellular 
ceramic product in which a foaming agent is added to a 
ceramic feed, said foaming agent requiring a tempera- 
ture in excess of 500° C. for activation, comprising: 

heating said ceramic feed to a temperature of at least 
500° C. but which is lower than said activation 
temperature; 

thereafter, adding foaming agent to said heated ce- 
ramic feed to form a mixture thereof; 

heating said mixture of foaming agent and heated 
ceramic feed to said activation temperature for a 
time sufficient to form foamed ceramic therefrom; 
and 

drawing said foamed ceramic to form said product. 

2. The process of claim 1 wherein said first tempera- 
ture is in the range of about 500° C. to 750° C. and said 
activation temperature is in the range of about 800° C. 
to 1200° C. 

3. The process of claim 2 wherein said ceramic feed 
comprises a major amount by weight of fly ash. 

4. The process of claim 3 in which said product is 
formed by drawing said foamed ceramic while soft, 
around and past a hollow mandrel while air is passed 
through said mandrel. 

* * * * * 
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The present invention relates to a cellular ceramic 
product that is useful as a structural load supporting 
material and the method by means of which the material 
can be made. This application is a continuation-in-part 
of my application Serial Number 769,279 filed October 
24, 1958, now abandoned. 

There is a definite need in the building industry for 
a structural material that can be formed as a panel of 
various thicknesses and densities and is inexpensive to 
manufacture. The material of the present invention has 
these desirable characteristics, and, in addition, is non- 
absorbent to moisture so that it may be used as an out- 
side wall. 

It is an object of the invention to provide a cellular 
ceramic material that can be used for structural or other 
purposes and can be formed as a panel of various thick- 
nesses and densities. It is a further object of the in- 
vention to provide a panel of cellular material that is 
sufficiently strong to be used for structural purposes. 

In practicing the invention, material of selected com- 
position is formed into small particles of a uniform size. 
These particles are dropped through a zone at a tem- 
perature sufficiently high to fuse and bloat them into in- 
dividual hollow spheres of unicellular or multicellular 
form. These spheres are collected while their surface 
is still tacky. As the spheres cool they will fuse to- 
gether to form a slab of cellular material that is com- 
pletely impervious to moisture and has sufficient strength 
to be used for structural purposes. 

The various features of novelty which characterize my 
invention are pointed out with particularity in the claims 
annexed to and forming a part of this specification. For 
a better understanding of the invention, however, its 
advantages and specific objects attained with its use, 
reference should be had to the accompanying drawings 
and descriptive matter in which I have illustrated and de- 
scribed a preferred embodiment of the invention. 

In the drawings: 

FIG. 1 is a diagrammatic view of a particle bloating 
furnace, 

FIG. 2 is a view taken on line 2 — 2 of FIG. 1, 
FIG. 3 is a view of the material produced, and 
FIG. 4 is an enlarged view of the surface of the mate- 
rial. 

Apparatus with which the material can be prepared 
will first be described. This will preferably include a 
tower furnace like that shown in my copending applica- 
tion Serial Number 652,027 filed April 10, 1957, now 
abandoned. Such a furnace is shown diagrammaticaliy 
in the drawing. Referring to FIG. 1, there is shown a 
tower furnace 1 that includes a vertically extending cylin- 
drical furnace chamber 2 which is provided around its 
lower portion with a plurality of radiant cup type burn- 
ers 3 that are located behind a refractory checkerwork 4. 
The burners are supplied with a combustible mixture of 
gas and air and produce radiant heat that is directed 
toward the checkerwork and the center of the furnace 
chamber. The checkerwork serves to break up any for- 
ward movement of the combustion gases and becomes 
incandescent to direct radiant heat across the furnace 
chamber. The hot products of combustion rise in the 
furnace chamber with a minimum of turbulence to pass 
through a series of ducts S that discharge into a pre- 
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heat chamber 6 located above the furnace chamber. 
Between the preheat chamber and the top of the furnace 
chamber is apparatus for controlling the flow of par- 
ticles between them. This apparatus includes a conically 

5 shaped stopper 7 that is supported concentric with cham- 
ber 2 at its upper end. A sleeve 8 of a diameter smaller 
than the base of stopper 7 rests on this stopper with 
its upper end receiving particles from chamber 6. When 
the sleeve engages the stopper, the flow of particles into 

10 the furnace is stopped. When the sleeve is raised an 
annular stream of particles flows around the stopper and 
drops vertically through the relatively quiet atmosphere 
of chamber 2. The particles fall in a straight path with- 
out engaging the side walls of the chamber. 

15 The furnace is mounted with its open, lower end ele- 
vated above floor level by supports 9 so that a collecting 
apparatus may be located under it. The collection ap- 
paratus includes a conveyor belt 11 of a width equal to 
the diameter of the furnace and moving below its open 

20 end. The belt may be used to carry molds, but is shown 
herein as being provided with sides 12 so that it forms 
a channel in which the bloated particles are collected. 
The belt moves over guide rollers 13, one of which serves 
as a drive and may be driven at a desired speed by a 

25 conventional variable speed motor. The upper reach of 
the conveyor is supported by a table 14. 

At times it may be desirable to compact the material 
as it is collected. This can be accomplished by a roller 
15 that is positioned above the conveyor belt adjacent 

30 to the furnace. At times it may also be desirable to re- 
inforce the material as it is being made. To this end 
there is provided a stand 16 beyond the end of the con- 
veyor which supports a reel 17 of reinforcing material. 
As shown herein, the reinforcing material comprises a 

35 plurality of wires 18 that are side by side and extend 
along the belt between sides 12. It will be apparent that 
a wire mesh fabric could be used instead of wires if it 
was so desired. 

In practicing the invention, the raw material used 

40 can be of any desired composition as long as it has the 
characteristic of bloating when heated to its fusion tem- 
perature. The bloating occurs as a result of the release 
of C0 2 or other gases from the material during heating. 
Such materials include any of the natural clays and many 

45 mixtures of materials that form essentially a glass batch. 
A specific mixture that is essentially a glass batch which 
will produce a strong, rigid product may be: 

Silica _ 8-25% by weight. 

50 Lime and/or magnesia . 12-25% by weight. 

Alumina balance. 

The raw batch incorporates the lime and magnesia at 
least partially as carbonates. This material has a melt- 
ing range of from 2100 F. to 2800 F. 

55 in preparing the material, the clay, or, if a glass, the 
thoroughly mixed ingredients of a batch, are moistened 
sufficiently so that they will assume the consistency of a 
plastic mass. This mass is then broken up into small 
particles of a uniform size of about % 6 to Vs inch long 

60 and about % 2 inch in diameter. The particles are dried 
and are then in condition to be fused. Thus the start- 
ing material is formed into discrete particles of substan- 
tially the same size, and the particles are substantially dust 
free. 

65 The particles are placed in preheat chamber 6 in suffi- 
cient quantities to keep the sleeve 8 filled at all times 
while the furnace is in operation. Hot products of com- 
bustion from the furnace chamber passing through ducts 
5 into chamber 6 will preheat the particles to a tempera- 

•0 ture slightly below the point where their surfaces will be- 
come tacky. 

When sleeve 8 is raised an annular stream or column 
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of particles will fall through furnace chamber 2. By the 
time the particles pass in front of checkerwork 4 they will 
have been heated predominately by radiant heat to above 
their fusion temperature which will range from about 
2100 F. to 2800 F. depending upon the composition of 
the starting material. As this take place, the gas gen- 
erated in the particles causes them to expand or bloat into 
hollow spheres. The size of the spheres will be deter- 
mined somewhat by the time they are above fusion tem- 
perature with the spheres growing with increased time. 
Since, however, the particles are originally substantially 
the same size and they will take the same time to fall 
through the furnace, the spheres will also be substantially 
the same size. 

The spheres fall on belt 11 or a mold carried thereby 
and will be collected to a thickness depending upon the 
speed of the belt. As the surface of the spheres is still 
tacky when they land on the belt they will stick or fuse to 
each other to form a slab of cellular, agglomerated mate- 
rial. The initial batch used whether a clay or a form of 
glass will produce individual spheres and a slab, having a 
glazed or glasslike surface. The material, being made of 
individual cells, is non-porous and will not absorb water. 

Ordinarily the slabs produced will have a density of 
from 18 to 35 pounds per cubic foot, depending upon the 
raw material. A slab of a density of 42 pounds per cubic 
foot will have a compressive strength in excess of 1200 
pounds per square inch. The density of the slab can be 
increased by compressing it and forcing the individual 
spheres closer together. This can be accomplished, if 
desired, by moving the slab under roller IS that is located 
close enough to the point of collection so the material 
has not cooled to a point where it is rigid. The density 
of the slab is varied by varying the amount it is com- 
pressed. If the slab is to be reinforced, wires 18 are 
threaded along the belt. The spheres will then build up 
around the wires so that they are completely embedded 
therein. 

The lower surface of the slab will be smooth as deter- 
mined by the surface of the belt. The upper surface will 
be glazed and will have an interesting pebbled pattern 
created by the spheres. The surface, however, is con- 
tinuous. After the slab is formed it can be cut by ordi- 
nary masonry cutting tools to any desired shape and size. 
The cut surface will have, as shown at 19 in the drawing, 
a multiplicity of holes formed by the spheres that were 
cut. Since the interior of the spheres is also glazed and 
the pores or cells are discontinuous, a cut surface is as 
water proof as the original, in some cases it may be 
desirable to sprinkle a granular material such as sand on 
the belt before the spheres are collected. When this is 
done they will stick to the sand to produce a rough sur- 
face to which plaster, for example, will adhere. 

The method of making the slab by collecting the spheres 
one on top of the other insures that the slab produced will 
have a uniform cellular structure throughout its thickness. 
After the slab has been formed it can be annealed, if 
necessary, to remove any internal strains that it may 
have. Thus there is produced a strong, rigid slab of 
material that has a uniform cellular structure. This ma- 
terial, because of its inherent characteristics is ideally 
suited for structural panels to be used in both the interior 
and exterior of buildings. 
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While in accordance with the provisions of the statutes, 
I have illustrated and described the best form of embodi- 
ment of my invention now known to me, it will be appar- 
ent to those skilled in the art that changes may be made 

5 in the form of the apparatus disclosed without departing 
from the spirit and scope of the invention set forth in the 
appended claims, and that in some cases certain features 
of my invention may be used to advantage without a cor- 
responding use of other features. 

10 'What is claimed is: 

1. The method of forming an agglomerated structural 
material which comprises dropping individual particles 
of a mixture capable of forming a vitreous material and 
having the characteristic of bloating and becoming tacky 

15 on its surface when heated, vertically downward under 
the force of gravity through a fusion zone, heating said 
particles above their fusion temperature as they pass 
through said zone whereby said particles are bloated into 
individual hollow bodies, collecting the bodies in a mass 

20 while their surfaces are still tacky whereby the bodies will 
stick together to form a body of cellular agglomerated 
material, and cooling said material to form a body of rigid 
material. 

2. The method of claim 1 including collecting said 
25 bodies on a moving surface, moving said surface past a 

point of collection below said fusion zone at a rate so that 
the bodies collected thereon will build up to a desired 
thickness. 

3. The method of claim 2 including compressing the 
30 material collected on said moving surface to increase its 

density prior to the time it has cooled enough to become 
rigid. 

4. The method of claim 2 including placing reinforc- 
ing material above said moving surface and collecting 

35 the bodies around said reinforcing material. 

5. The method of making a cellular structural material 
which comprises, dropping a bloatable material in the 
form of a multiplicity of small particles of substantially 
the same size of a mixture capable of forming a vitreous 

40 material and of becoming tacky on its surface when 
heated vertically downward under the force of gravity 
through a fusion zone, rapidly heating said particles to 
fusion temperature as they fall through said zone where- 
by they will be individually bloated to spherical form, col- 

45 lecting said particles below said fusion zone while their 
surfaces are still tacky as a mass of cellular material, 
gradually moving said mass from the collection point to 
form a slab, and cooling said mass so that it will become 
rigid. 

50 
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ABSTRACT OF THE DISCLOSURE 

A method of preparing an unfoamed, foamable glass 
mass containing undissolved, entrapped, compressed gas 
which comprises melting a glass mass under at least 100 
p.s.i. pressure of an inert gas, and maintaining said pres- 
sure during cooling until said mass has solidified. 



This application is a continuation-in-part of copending 
applications Ser. No. 523,528, now abandoned, filed 
Jan. 28, 1966, and Ser. No. 510,418, now abandoned, 
filed Oct. 1, 1965. Parent application Ser. No. 523,528, 
is in turn a continuation-in-part of Ser. No. 204,048 
now abandoned, filed June 19, 1962. 

It is an object of the present invention to provide a 
novel solid essentially unfoamed foamable granule which 
is substantially non-friable, vitreous, may be readily 
handled and shipped, and which is infinitely storable. 

Another object of the invention is to provide a novel 
method of synthetically preparing a solid unfoamed 
foamable granule. 

A further object of the invention is to provide a method 
of molding foamable granules as defined herein in a 
mold to provide a shaped molded foamed inorganic 
article of low density and uniform small cell size. 

In accordance with the present invention, solid un- 
foamed foamable granules are prepared by (1) heating 
a comminuted inorganic glass-forming material mixture 
having a silicon dioxide content of at least about 50 
weight percent under a gas pressure of at least about 
100 p.s.i. at a temperature sufficient to melt the inorganic 
glass-forming mixture into a vitreous mass and entrap 
compressed interstitial gas, and (2) cooling the vitreous 
mass to a temperature sufficient to solidify the same 
while maintaining such mass under a pressure of at least 
about 100 p.s.i., thereby to produce a solid glass-like 
unfoamed foamable product which, as an optional addi- 
tional step in the process, may be ground to suitably sized 
foamable granules of, e.g. from about %o" to about 1", 
preferably Ys" toVz". 

As a unique product, the solid unfoamed foamable 
pressurized granules of the present invention are char- 
acterized as an essentially unfoamed glass-like solid 
which may be foamed upon subsequent heating, the solid 
granule having a density approaching that of vitreous 
glass. For example, solid unfoamed granules made in 
accordance with the present invention employing about 
1000 p.s.i. pressure both during the heating and cooling 
operations have a density of about 2.035 grams per cubic 
centimeter, or about 90 percent that of the vitreous silica 
(2.295 gm./cc. density). In any event these unique un- 
foamed, foamable glass-like masses or granules are 
normally characterized by a density of at least about 
2.0 grams per cubic centimeter. In appearance these 
granules essentially resemble poorly fined glass particles 
and upon microscopic examination are somewhat more 
opaque than ordinary glass. These synthetic unfoamed 
foamable granules have the advantage of being essentially 



non-friable, indefinitely storable, and shippable without 
damage or hazard. A potential user may order such 
granules in bulk, and use as necessary without fear of 
damage and the like. Moreover, large voluminous storage 
areas are not required, as would be in storing a foamed 
material. 

The term "glass-forming materials" as used herein 
refers to a composition which contains at least about 
50 weight percent silicon dioxide, the balance being com- 

10 posed essentially of one or more other glassforming sub- 
stances. The chemical composition of the glass is given 
in terms of boric oxide, phosphorous pentoxide, germa- 
nium oxide and the like, and/or minor amounts of one 
or more glass modifiers such as potassium oxide, sodium 

15 oxide, calcium oxide, magnesium oxide, and the like. 
These compositions are produced by using such chem- 
icals as borax, calcium phosphate, sodium or potassium 
or calcium carbonate and magnesium oxide. The glass- 
forming materials used herein as defined may either be 

20 in crystalline or in vitreous form. 

Any comminuted inorganic glass-forming material 
which contains at least about 50 percent silicon dioxide 
is applicable as a starting material in making the syn- 
thetic solid unfoamed foamable material of the present 

25 invention. When the silicon dioxide content is below the 
indicated level, the resultant foamed product is gen- 
erally at least partially soluble in water and less stable 
to chemicals and thermal shock. 

It is often advantageous to subject foamed articles 

30 produced from the foamable material of the present 
invention, containing less than about 99 weight percent 
silicon dioxide, to temperatures sufficient to anneal the 
same following formation thereof to obtain maximum 
strength properties. It is normally unnecessary to anneal 

35 foamed articles produced from foamable glass contain- 
ing at least about 99 weight percent silicon dioxide. 

Examples of typical commercial inorganic glassform- 
ing materials that may be employed in the practice of 
the invention to make the present novel solid unfoamed 

40 foamable mass or granule are shown in the following 
Table I. Vitreous silica which is non-crystalline, e.i. 
ground fused quartz, can also readily be employed in the 
invention. 

TABLE I 



4D 




A 


B 


C 


D 


E 




S1O2 

AI2O3 


99 
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0.0005 ... 




50 


Pe 2 0 3 


0.03 „. 






9.7 




B2O3 




3 


14 




25.8 
7.8 
1.6 




Na 2 0 




3. 56 






K2O 
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55 1 After fusion. 

^ Generally, it is preferable in the practice of the inven- 
tion, that the comminuted inorganic glass-forming mate- 
rial be of a very fine texture, approaching that of a 
powder. Beneficially, the glass-forming material should 

60 be sized to pass at least a 50 mesh screen, and preferably 
a screen between 200 and 325 mesh. Larger sized parti- 
cles may be used but lower expansion and larger cells 
may result in the resultant foam. 

The temperature that must be used in heating the com- 
minuted inorganic glass-forming material is that which is 
at least the softening point of the material. Generally, it 
is preferred to heat such materials using the lowest pos- 
sible temperatures to minimize migration of any com- 

^ 0 pressed gas within the heated mass. 

Temperatures between about 600° C. and 1800° C. 
are generally sufficient to melt the materials described 
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herein, depending for the most part upon the silicon di- 
oxide content of the material. It is generally preferred to 
melt materials composed essentially of silicon dioxide, 
that is, materials having a silicon dioxide content of about 
99 weight percent at temperatures of about 1650° C. to g 
1750° C. 

The temperature required to melt the comminuted in- 
organic glass-forming material may be lowered by inti- 
mately admixing with the glass-forming material prior 
to melting of the same, of small amounts of glass-modi- i$ 
fiers which do not induce excessive di vitrification. Repre- 
sentative of such glass-modifiers are boric oxide and cer- 
tain coloring agents such as cobalt oxide. 

In order to obtain the uniform, small, closed cell foam 
upon subsequently heating the solid unfoamed foamable 15 
granules made in accordance with the invention, the in- 
organic glass-forming material must of necessity be pres- 
surized with a suitable gas prior to being melted. Ordi- 
narily, a gas pressure of at least 100 p.s.i. is employed, 
and preferably, between about 200 p.s.i. and 800 p.s.i. 20 
is utilized for superior uniformness of cell structure 
through the resultant foam. Because of the reactivity of 
many gases with the materials of construction in the fur- 
nace or enclosed chamber in which the material is fused, 
inert gases such as nitrogen and argon are preferably em- 25 
ployed. However, many other gases such as carbon di- 
oxide, ammonia, and suitable mixtures thereof, among 
others may be employed. 

It is to be noted that many of such gases are known to 
be somewhat soluble in the glass-forming materials de- 30 
scribed herein. Thus, in the practice of the present inven- 
tion, the cooled, pressurized solid unfoamed vitreous mass 
will contain dissolved gases in addition to compressed un- 
dissolved gases. It is not possible, however, to introduce 
an adequate amount of gas into the mass after melting. 35 
In any event the solid unfoamed foamable material should 
contain sufficient gas or gases to expand such material 
at least about two and preferably five volumes upon sub- 
sequently heating same to elevated temperatures, e.g. in 
a mold, at normal atmospheric pressures. ^0 

It is also to be noted that cellulation of the final foamed 
product may be somewhat enhanced by intimately admix- 
ing with the comminuted inorganic glass-forming mate- 
rial prior to melting, small amounts of a conventional gas 
generating substance. However, such cellulating agents 45 
are not essential in the present invention. 

Carbon black is an example of such a gas generating 
substance and may be employed in a range of, for ex- 
ample, 0.01 to 0.5 weight percent and preferably between 

0. 05 and 0.2 weight percent based on the weight of the 50 
glass-forming material, dependent upon the degree of cel- 
lulation desired. It, too, should be in very finely pulver- 
ized or pigmentary form, for example, wherein at least 

95 percent of the charge may be passed through a 325 
mesh screen. Other finely pulverized carbon or carbon- 55 
aceous material such as powdered coal may also be mixed 
with the solid comminuted inorganic glass-forming mix- 
ture of the present invention in amounts of between 0.01 
and 0.5 percent by weight, dependent somewhat upon the 
degree of cellulation desired and the material employed. 60 

Other commonly used gas -generating substances found 
to be suitable for the purposes of the present invention 
include, but are not restricted to, inorganic carbonates, 

1. e. magnesium carbonate; silicon monoxide, metals, i.e. 
silicon metal, silicic acid, magnesium nitride, and suitable 65 
mixtures thereof. Typically about 5 weight percent of sub- 
stances of these types would be added. 

In a preferred embodiment of the method of the pres- 
ent invention for preparing synthetic solid unfoamed foam- 
able granules, a comminuted inorganic glass-forming 70 
quartz material in a mesh size of from about —200 to 
about +325 mesh, having a composition as set forth in 
Example I, is enclosed in a chamber or mold cavity and 
pressurized by a gas such as nitrogen or argon either in 
or about the mold cavity preferably to at least about 200 75 



565 

4 

p.s.i. to form a pressurized vitreous mass, and cooling the 
mass under at least 200 p.s.i. of pressure to solidify same, 
and optionally granulating the cooled mass to produce 
synthetic solid unfoamed but foamable granules. In gen- 
eral, the operating conditions of the method of the pres- 
ent invention for making granules should be adjusted suf- 
ficient to cause expansion of the granules when subse- 
quently reheated and foamed at least about two volumes 
and preferably five volumes, at normal atmospheric pres- 
sure. 

Synthetically prepared foamable granules, such as the 
novel solid unfoamed foamable granules prepared by the 
method of the present invention, and other synthetic foam- 
able granules not necessarily prepared in accordance with 
the present invention, which may be stored until needed 
then foamed and cast in a mold to successfully make low 
density, shaped, foamed articles conforming in dimension 
closely to a mold cavity, have heretofore been unknown. 

These synthetically prepared, foamable granules, in- 
cluding the solid unfoamed pressurized, foamable 
granules of the present invention may be heat foamed or 
expanded and molded in a closed mold to form a foamed 
glass article of predetermined density. In this process heat 
foamable granules are introduced into a closed cavity of 
a mold and the mold and contents heated to effect foam- 
ing. The foamed mass is cooled at least to a point where 
its structure is essentially rigid enough to be self-support- 
ing whereupon it may be removed from: the mold, an- 
nealed in an oven and /or further cooled to room tem- 
perature. The amount of foamable granules to be intro- 
duced into the mold may be predetermined and are de- 
pendent primarily upon the desired density of the foam. 
The size of the granules should be small with respect to 
the smallest interstices of the mold and preferably at 
least as fine as Vs to Vt. inch. 

When a borosilicate foam is prepared, carbonates such 
as sodium and potassium carbonate, are desirable addi- 
tives, giving low density moldings (below 10 lbs. ft. -3 ). 
The carbonates are added at about 5% by weight. When 
carbon or silicon is used as an auxiliary blowing agent 
the amount is kept much smaller (less than 0.5%) in 
order to get a white foam. Pressurization is preferably 
conducted, e.g. at 1200° C. and molding is preferably 
done at 775-825° C. 

The temperature that must be used to cause the solid 
pressurized vitreous mass to expand is that which is at 
least the softening point of the mass. Generally, tempera- 
tures ranging from about 60 centigrade degrees above the 
annealing point of the mass (A.S.T.M. designation C 
336) to about 300° C. above the softening point of the 
mass (A.S.T.M. designation C 338) are employed. These 
temperatures generally provide a mass having a viscosity 
between 10 5 and 10 12 poises. The preferable viscosity 
range being between about 10 6 and 10 7 - 5 poises. Generally, 
foaming temperatures between about 600° C. and 1800° 
C. are employed. 

Although the solid, glass-like, unfoamed, foamable, 
pressurized glass granules produced by the method of the 
present invention are very satisfactory for carrying out 
the molding process, it is to be understood that any of a 
variety of heat foamable glass granules can be molded in 
accordance with the presently disclosed molding process. 
For example, in addition to the solid unfoamed foamable 
granules prepared by the process disclosed herein, molded 
foamed articles can be fabricated using synthetic glass 
compacted granules produced in the following manner: A 
particulated glass mixture is provided comprising (1) a 
pulverised glass containing at least about 50 weight per- 
cent of Si0 2 whose softening point is between about 
700° C. and about 1800° C, (2) one or more gasing 
agents capable of producing gases over the foaming tem- 
perature range where the molten glass mixture has a vis- 
cosity of e.g. from about 10 5 - 6 to about 10 8 1 poises, and 
(3) a water soluble binder material which preferably 
becomes a component of the glass during the molding 
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and foaming operation, is provided in particle size the about 600° C. foams to substantially homogeneous 

particles of which preferably do not exceed 50 mesh U.S. cellular structure. 

Standard Sieve and preferably contain particles at least The following examples, wherein all parts and percent- 
50% of which are as fine or finer than 400 mesh. This ages are to be taken by weight, illustrate the present in- 
glass mixture is admixed with a liquid such as water, vention but are not to be construed as limiting its scope, 
compacted, e.g. in an inclined pan granulator, and dried F 1 1 
into foamable compacts of pellets or balls having a size Example 1 

preferably of from about Vs to 1 inch in cross-section, In each of a series of experiments individual charges 

said pellets having an apparent density of at least 50% of of quartz having the following compositions by weight 

the absolute density of the glass mixture being employed. 1() were comminuted to a particle size sufficient to pass 

The resulting pellets are used in the novel molding proc- through a 325 mesh screen and were individually melted 

ess described directly hereinbefore. under pressure in a furnace containing a nitrogen or 

Foams obtained from these compacted materials are argon inert atmosphere, 

characterized by cells of size less than 3 mm. but normally Ingredient* Percent 

not as fine as those obtained with the previously described 15 sio * o 9 

pressurized glass granules. ~ Al 6 ~ 0 07 

Thus, a highly advantageous and beneficial foamed CaC) 3 ---------------- — — — . 

glass may be produced having excellent and superior MeO 0 0005 

properties, particularly in regard to the manufacture of Fe O ----- . 

articles such as structural materials requiring strength, 20 KC) 3 0011 

resistance to weathering, impermeability to water and T q 0 008 

other liquids and having smooth easily cleaned finished VhO 0 002 

facings. 2 

Still another advantageous characteristic of foamed Each pressurized, metal mass was individually solidified 

glass derived from the present invention is the essential 25 °y cooling to normal room temperature in the furnace 

absence of a gray or black color commonly observed in at the same pressure employed during heating, 

conventionally prepared foams since cellulating agents Table II shows the conditions used for melting under 

are not required. Thus, various coloring agents may be pressure and cooling under pressure, 

incorporated in the comminuted inorganic glass-forming table ii 

materials to form foamable granules for producing 30 ^ . 

brightly colored expanded molded articles. If carbon is Fusing conditions 

used, however, it can be used so efficiently as to be con- Max. 

sumed leaving no black residue. Sample fa) Gas ^p^fil Time 1 pressurl 

As purely exemplary of foamed articles derived from — zj — " 

the present invention are: structural blocks, planks, 35 1)700 N2 '750 120 '750 

panels and the like for exterior use, insulating board, and J Mao Argon 1,000 go 1,000 

expanded vitreous pellets and articles made by fusing 1,720 2 

together such expanded vitreous pellets. Such articles are 1 Time above 1 » 650 ° c - ^ minutes. 

characterized by having a cell size less than 1 millimeter Solid unfoamed foamable vitreous masses were obtained 

•and generally less than 0.3 millimeter, at least 80 percent 40 having a glass-like appearance and densities such as, e.g. 

closed cells and often 100 percent closed cells, and a 2.15 g./cc. in sample (1) one. The density of a sample 

density of less than about 60 pounds per cubic foot and of the fused quartz not melted and pressurized in ac- 

generally less than 20 pounds per cubic foot. These cordance with the present invention was determined to be 

articles also have an essentially smooth facing surface 2.295 g./cc, thus the above solid foamable mass had a 

and when such articles are (formed in a mold a durable 45 density of 94% of the solid fused quartz, 

skin is formed on their outer surfaces, such skin having p ^ 9 

an integrity of structure and strength characteristic of example Z 

a laminate. A charge of the composition of Example 1 was mixed 

Foamed articles derived from the present invention with 0.1 weight percent lampblack and was heated in 

can be cemented together with additional bonding agents, 50 a high pressure furnace at a temperature of between 

fillers, or reinforcing wire or fibrous materials to produce 1750° C. and 1760° C. for one hour under 800 p.s.i. of 

articles having a much stronger bond than articles pro- nitrogen pressure, then cooled to room temperature at 

duced by cementing particles of a ground or cut foam. the same pressure. The mass was ground to granules 

Preferentially, such bonding agents, fillers, or reinforcing Which had a density of 2.04 g./cc. or 89% of theoretical 

wire should have a coefficient of expansion similar to 55 solid glass density, 

that of the expanded article into which they are incor- Example 3 

Svt? d S a !h,,? anded P f Ct - S Ca ? adV T A charge of the composition of Example 2 including 

Plications combining 'buoyancy "and inability L f™£ ^TTSSS 

The foamable granule or granules, which include the granUleS WaS 2m ^ ° f 88% ° f theoretical - 

pressurized unfoamed foamable granules of the invention 65 Example 4 

and the disclosed compact foamable granules as well as A charge of the composition of Example 1 was mixed 

any other foamable granules regardless of how made, with 0 .1 weight percent lampblack. The mixture was 

which may be molded and foamed in a closed mold in ac- heated to 1750° C. for 1 hour in a high pressure furnace 

cordance with the present invention are defined herein as under 500 p.s.i. nitrogen pressure, then cooled under the 

unfoamed stable, verifiable, synthetically prepared, 70 same pre ssure. The final ground foamable granules had 

densified, foamable, discrete masses, having a silicon di- a density of 2.10 g./cc. or 91.5% of theoretical, 
oxide content of at least about 50 weight percent, and 

containing means for expanding said mass on heating Example 5 

homogeneously distributed throughout said mass, which A quartz charge of the composition described in Ex- 
mass on heating to a temperature of preferably at least 75 ample 1 was mixed with 0.1 weight percent lampblack 
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and was subsequently heated and melted in a high pressure 
furnace operating at 1800° C. under 600 p.s.i. of nitrogen 
pressure for one hour, then cooled to room temperature 
in the furnace at the same pressure, and when cool, 
ground to a particle or granule size of —10 |+.16 mesh. g 
The granules were solid unfoamed foamable discrete 
masses having a density similar to that of Example l a i.e. 
2.15 g./cc. 

About 47 grams of the granules were placed in a 
graphite mold the dimensions of which were 1 inch by 1 10 
inch by 6 inches, and which allowed expansion against 
a back pressure. The granules were heated for one hour 
at atmospheric pressure and a temperature of about 1675° 
C. After cooling, a well molded, white, foamed article 
having substantially all closed, uniformly spaced, fine cells, 15 
a smooth skin-like exterior surface, and a density of abou* 
27 pounds per cubic foot was obtained. 

Example 6 

An inorganic glass-forming material having the follow- 20 
ing weight composition and a softening point of about 
819° C. was ground up to pass a 325 mesh screen and 
was subsequently melted in a high pressure furnace at 
1200° C. under 500 p.s.i. of CO a pressure for one hour. 

Percent 25 

Si0 2 80 

AI0O3 1.8 

B 2 0 3 13.0 

Na 2 0 4.3 

K a O 0.4 30 

Other 0.5 

The resultant solid unfoamed foamable mass was sub- 
sequently heated at a temperature of 965° C. for five 
minutes to form a white foam-like article having a cell 35 
size of from 0.1 to 0.8 millimeter and a density of 8 
pounds per cubic foot. 

Example 7 

A commercially accepted soft glass having a silicon 40 
dioxide content of about 50 percent was ground to a 
particle size sufficient to pass through a 200 mesh screen 
and melted in a furnace operating at 1000° C. under 
500 p.s.i. nitrogen pressure for a period of two hours. The 
melted mass was cooled in the pressurized furnace to ^ 
normal room temperatures and subsequently reheated at 
atmospheric pressure. Foaming began at temperatures be- 
tween 630° C. and 700° C. with a total foaming time 
of less than one-half hour. The resulting foamed article 
was nearly white with a very pale yellow cast, a density ^ 
of 24 pounds per cubic foot, and a cell size essentially 
between 0.1 and 0.3 millimeter. 

Example 8 

A quartz charge having a composition as described _ r 
by Example 1, was admixed with 0.1 weight percent 0 
lampblack and melted in a furnace operating at a tem- 
perature of 1750° C. under 100 p.s.i. nitrogen for a period 
of one hour. The resulting pressurized mass was cooled in 
the pressurized furnace to normal room temperatures to 
provide a solid unfoamed foamable mass which was 
subsequently ground to a particle size sufficient to allow 
the individual granules to pass through a 10 mesh screen 
and to be retained on a 16 mesh screen. The granules 
were then reheated at atmospheric pressure at a tempera- 
ture of 1650° C. for a period of ten minutes, to form 
white foamed pellets having a density of about 31.5 pounds 
per cubic foot. 

Example 9 

A quartz charge having the composition as described 70 
by Example 1 was mixed with lampblack (0.1%) and 
melted at 1750° C. for 1 hour under 500 p.s.i. nitrogen 
pressure. The melt was cooled without releasing the 
pressure. The glass was crushed and screened. The por- 
tion retained on a 12 mesh screen but passing through 75 
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an 8 mesh screen was molded at 1600° C. for 0.5 hour 
in a graphite mold (l 3 /s x V/s x 5 inch). A molding 
temperature above 1650° was used to produce a white 
foam having a large cell size. Prefoaming at 1450° 
for 10 minutes produced bulk density foams of 20 to 
30 lbs. ft.- 3 . Foam moldings having 25 lbs. ft ~ 3 were 
made by using either unfoamed or prefoamed granules 
or a mixture of both. 

Example 10 

A composition was prepared by mixing 71.69 parts 
silica, 13.08 parts sodium tetraborate-5 H 2 0, 7.14 parts 
boric oxide and 8.09 parts nepheline syenite. Analysis 
of the nepheline syenite gave the following: 60.4% 
silica, 23.6% alumina, 9.8% soda, 4.6% potash. 

A quantity of the above composition was heated in a 
furnace operating at 1200° C. under 500 p.s.i. nitrogen 
pressure for one hour. The material was cooled under 
the same pressure and subsequently ground. The un- 
foamed, foamable granules were then sized by screening. 

A 78.9 gram quantity of the foamable granules in a 
size range of minus 8, plus 12 U.S. mesh was placed in 
the bottom of a 2 inch x 2 inch x 10 inch stainless steel 
rectangular mold. The mold and granules contained 
therein were placed in an oven at 900° C. for 15 minutes, 
at which time they were removed and allowed to cool. 
The mold was opened to reveal a well defined block of 
foamed glass with a density of 6.9 lb. /ft. 3 . 

Example 11 

Using the same mold and foamable granules as in 
Example 10 the molding method was repeated with an 
added annealing step. 158 g. of the foamable granules 
were placed in the assembled mold. The mold and con- 
tents were placed in an oven at 840° C. for 15 minutes. 
The mold and foamed contents were removed from the 
oven and placed in an oven at 650° C. In 50 minutes 
the temperature of the oven had dropped to 575° C. at 
which time the mold was stripped from the foamed glass 
block. The annealing continued for another 70 minutes 
at which time the foamed block was removed from the 
oven at a temperature of 400° C. The foamed glass block 
was a well molded strong sample with a density of 11.9 
lbs./ft. 3 . 

Example 12 

The following materials were well mixed in a Muller 
mixer: 

50 pounds ferro glass No. 3124 
5 pounds calcium carbonate 

13 pounds 5 percent gum arabic in water solution as a 
binder 

Ferro glass No. 3 124 has the following composition by 
weight: 14.1% CaO, 0.7% K 2 0, 6.3% Na a O, 9.9% 
A1 2 0 3 , 13.7% B 2 0 3 , 55.3% Si0 2 . 

The mud material from the Muller was balled or com- 
pacted into foamable granules in a rotating pan granu- 
lator with a heated retaining edge. The compacts were 
screened to a size of between 0.371 and 0.5 inch, dried in 
an air oven at 150° C. for one hour and then exposed 
for four minutes in an 830° C. oven to burn out the 
binder. So-prepared the compacts had an apparent den- 
sity of over 50 percent of the absolute density of the 
glass mixture being employed. 

Molding was carried out by taking such balls out of 
storage, putting a predetermined amount into a 2 x 3 x 6 
inch mold, and heating for 16 minutes at 800° C. The 
balls foamed and filled the mold. The molding was an- 
nealed for one hour at 435° C. and cooled at the rate of 
2° C. per minute. The foamed article has the following 
physical properties: 

Density lb./ft.3 9.42 

Cell size mm 0.6 

Percent open cell (approx.) 18 

Compressive strength p.s.i 129.6 
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What is claimed is: 

1. A method for preparing a solid, glass-like, un- 
foamed, foamable, pressurized mass comprising: heating 
a comminuted inorganic glass-forming material having a 
silicon dioxide content of at least about 50 weight percent 
under an applied gas pressure of at least 100 p.s.i. of a gas 
which is essentially unreactive with said glass-forming 
material to a temperature sufficient to melt said material 
into a vitreous mass containing said gas undissolved but 
entrapped and compressed therein and, maintaining said 
vitreous mass under an applied gas pressure of at least 
about 100 p.s.i. until said mass has cooled to a solidified, 
pressurized, essentially gas impermeable, unfoamed but 
foamable glass-like material containing undissolved, en- 
trapped, compressed gas. 

2. The method of claim 1 wherein said applied gas 
pressure is maintained between about 200 to about 800 
p.s.i. during melting of the comminuted inorganic glass- 
forming material and cooling of said unfoamed, foam- 
able, vitreous mass. 

3. The method of claim 1 including the additional step 
of granulating the solidified, vitreous, pressurized mate- 
rial. 

4. A method of producing a foamed cast article con- 
forming in shape to the mold cavity configuration in 
which cast consisting essentially of: introducing un- 
foamed, synthetically prepared, discrete, foamable gran- 
ules containing undissolved, entrapped, compressed gas 
and having a silicon dioxide content of at least about 50 
weight percent and containing means for expanding upon 
heating said discrete granules distributed homogeneously 
throughout into a closed mold in a predetermined amount 
upon foaming to fill said mold cavity; heating said mold 
and contents at least to the softening point of the gran- 
ules to effect foaming of said discrete, unfoamed, foam- 
able granules, thereby to provide a foamed cast article 
conforming in shape to the mold cavity. 
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5. A method of heat forming a foamed glass article 
comprising: introducing unfoamed, foamable, discrete 
granules containing undissolved, entrapped, compressed 
gas into a mold cavity in an amount to obtain upon foam- 

g ing a foamed glass article of a predetermined density and 
a shape conforming substantially to the mold cavity con- 
figuration, closing the mold containing said granules, 
heating said mold and contents to a temperature of from 
about 600° C. to about 1800° C. to effect foaming of the 

10 granules, and cooling the foamed article resulting at 
least to a point where its structure is substantially rigidly 
self-supporting. 

6. A solid pressurized, unfoamed, vitreous, foamable 
mass having a silicon dioxide content of at least 50 

15 weight percent containing undissolved entrapped, com- 
pressed gases. 

7. The solid, pressurized, unfoamed, foamable mass 
of claim 6 containing a small amount of a gas-generating 
substance capable of generating gas at a temperature suf- 

20 ficient to soften said solid vitreous mass. 

8. The unfoamed, foamable, pressurized mass of claim 
6 characterized by having a density of at least about 
2.00 grams per cubic centimeter. 
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ABSTRACT OF THE DISCLOSURE 

A method of making a high-silica glass foam by form- 
ing a body of borosilicate glass containing not more than 
about 70% by weight of silica, the glass being capable 
of separating into a silica-rich phase and a silica-poor 
phase, treating the glass with a mineral acid to remove 15 
the silica-poor phase and leave a high silica body having 
a porous structure, impregnating the porous body with 
a boric oxide solution, crushing and screening the porous 
body, drying the particulated material to remove excess 
water, and sintering and foaming the particulated mate- 20 
rial to form a fused, a low expansion, high silicaglass 
foam. 
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Foamed or cellulated refractory bodies, that is, inor- 
ganic heat resistant bodies expanded by the internal 
development of non-connecting gas filled cells while the 
material is in the coalesced or fused state, are well known. 
Conventional foamed glass products having densities on 3Q 
the order of about 0.15 to 0.30 gram/cc, have been used 
commercially to provide buoyancy, lightweight and ther- 
mal insulation in conjunction with resistance to heat and 
moisture penetration. 

These materials are customarily produced from pre- ^ 
melted glass. In general, the process involves premelting 
a suitable 'glass composition, pulverizing the glass in 
admixture with chemically reactable gas producing agents, 
such as a carbon reducing agent together with an oxidiz- 
ing agent, depositing a thin layer of the pulverized mix- ^ 0 
ture in a closed pan, heating to the foaming temperature 
of about 800-900° C, and then annealing over a period 
of several hours. 

Furthermore, consolidated high silica glassware is well 
known under the designation of "96% silica glass." Such 
a consolidated nonporous glass body is produced from a 
porous glass body corresponding in shape and composi- 
tion, but larger in size, and characterized by a multiplicity 
of intercommunicating, submicroscopic pores. The basic 
production steps involved and a particularly suitable 
family of parent borosilicate glasses are described in U.S. 
Pat. 2 } 221,709 issued to Hood et al. 

Briefly the method includes ( 1 ) forming or fabricating 
an article of desired shape from a parent borosilicate 
glass; (2) thermally treating the glass article at a tem- 
perature of 500-600° C. for a period of time to separate 
the glass into a silica-rich phase and a silica-poor phase; 
(3) dissolving or leaching the silica-poor- phase usually 
with acid to produce a porous structure composed of the 
silica-rich phase; (4) washing to remove leaching residue, 
(5) drying; and (6) thermally consolidating the porous 
body into a nonporous vitreous article by heating without 
fusion. The consolidated article has a general shape of 
the original glass article but is reduced by about V3 in 
volume. The maximum consolidation temperature is 
above 900° C. and on the order of 1200-1300° C. in 65 
higher silica content glasses. The pore size of the porous 
glass before consolidation is generally within the vicinity 
of 45-90° A. 

Quite surprisingly, we have now discovered a method 
of making a fused high silica glass foam from leached 70 
porous glass particles. The foam is useful in making 
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radomes having broad band frequencies especially in the 
microwave spectrum. The uniformity of electrical prop- 
erties combined with the low loss factor over a widely 
extended temperature range are particularly important 
properties of the foam for such application. Other char- 
acteristics which offer advantages over conventional foams 
include interconnecting pores, low thermal expansion 
extremely low alkali metal oxide content, high use tem- 
peratures, resistance to devitrification, and uniformity of 
10 structure. Further, since no cellulating agents are used 
the foamed product is free from undesirable contami- 
nation. 

In accordance with the present invention, we have dis- 
covered a method of making a high-silica glass form by 
forming a body of borosilicate -glass containing a maxi- 
mum of 70% by weight of silica, the glass being capable 
of separating into a silica-rich phase and a silica-poor 
phase, treating the glass to remove the silica-poor phase, 
and leave a high silica body having a porous structure 
impregnating the porous body with a boric oxide solu- 
tion, crushing and screening the porous body, drying the 
particulated material to remove excess water, and sinter- 
ing and foaming the particulated material to form a fused, 
low-expansion, high-silica glass foam. Typically the 
25 foamed product has a thermal expansion coefficient of 
about 8xl0-V° C. 

The accompanying drawing is a flow sheet of the novel 
process, which while not intended as a definition essen- 
tially illustrates the invention. 

The base glass used in this process is a borosilicate 
glass and may be designated by the general formula 
r 2 0 — B 2 0 3 — SiC> 2 , wherein R is an alkali metal. The 
glasses must be capable of phase separating into a silica- 
rich phase and a silica-poor phase and they must be leach- 
able without a heat treatment using a conventional min- 
eral acid, e.g. nitric acid, sulfuric acid or hydrochloric 
acid. The glass compositions, which may be used herein 
as given in weight percent on the oxide basis as calculated 
from the batch and are as follows: 
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Percent 



Broad Preferred 

Ingredient range range 

SiOz 55-70 58-65 

B 2 0 3 20nt0 20-30 

R2O 1-10 4-9 

AI2O3 0-5 0-3 



The silica content should not exceed about 70% by 
weight, since glasses containing greater amounts require 
a preliminary heat treatment prior to leaching. Moreover, 
when the silica content exceeds the preferred range, auto- 
claving and using hot acids may be required. It is also 
recommended that as the silica content approaches the 
higher levels within the prescribed ranges, the glass should 
be ground and leached in the form of particles or gran- 
ules. A specific example of a glass illustrating the inven- 
tion and given in weight percent is as follows : 

Ingredient: Amount, percent 

Si0 2 61.6 

Na 2 0 8.04 

B 2 O s 28.2 

, A1 2 0 3 1.9 

As 2 0 3 — 0.3 

The borosilicate glass in the form of tubing or particles 
is initialy subjected to an acid leaching treatment. Useful 
acids are dilute solutions, typically in the range of 1-2 
normal solutions of mineral acids, e.g. HC1, H 2 S0 4 , HNO3. 
However, hydrofluoric acid should not be used since it 
dissolves the silica-rich phase. The temperature of the 
leaching bath is generally about 90-100° C. with about 
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95° C. being preferred. As the temperature of the bath 
falls below 90° C, there is less thorough extraction and 
a substantial increase in the extraction time. We have 
found that below 85° C, the rate of leaching becomes too 
slow. The leaching time is to some extent dependent upon 5 
the concentration of the acid and the temperature of the 
bath. A typical leaching schedule involves leaching the 
glass for two days in a 1.5 N solution of nitric acid at 
about 95° C, then rinsing in a fresh solution of the same 
acid strength and finally rinsing in a dilute, 0.2 N, solu- 10 
tion of nitric acid for one day. Sometimes prior to leach- 
ing, it may be desirable to subject the glass to a pre- 
liminary etch treatment to remove the surface skin and 
thereby permit a more uniform penetration of acid into 
the body of the glass. Preliminary etching is recommended 15 
for thick walled tubing and also when the surface of 
the glass has become contaminated on storage. A typical 
preliminary etching may be performed by dipping in a 
15 wt. percent NH 4 F«HF solution for 10 minutes. 

The porous glass body obtained after the leaching step 20 
must have a very fine network of pores. The pore size 
must be in the range of 10-25 A. In order to obtain such 
a fine network of pores, heat treatment prior to leaching 
must be avoided. The reason will become readily apparent 
when we discuss the foaming mechanism. Briefly, the fine 25 
pores entrap moisture which serves to expand the foam. 
In comparison, phase separating glasses which have been 
subjected to a prior heat treatment yield porous glass with 
large pores, e.g. 50 A. and greater, from which moisture 



can escape. 
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The next step involves impregnating the porous glass 
with a boric acid solution which acts as a flux and becomes 
incorporated in the glass structure as B 2 0 3 . Further, the 
presence of boric acid reduces the sintering temperature 
and aids in the closing of the pores to minimize escape of 35 
moisture. Omission of the boric acid impregnation results 
in a weak foam. The boric acid, to some extent, also aids 
foaming since upon decomposition moisture is given off 
as shown in the equation: 

2H 3 BO s -» B 2 O s + 3H 2 0 

In preparing the solution, it should be taken into account 
that the solubility of boric acid in water increases con- 
siderably at elevated temperatures and is about 27.6 
g./lOO cc, H 2 0 at 100° C. For practical purposes the 45 
solution should be at least slightly below the saturation 
point. We prefer to use a concentration of 15-20 g. 
H 3 BO 3 /100 cc. H 2 0. Hot impregnation is preferred at 
temperatures of 90-100° C. The time for impregnation is 
usually at least three hours with longer times being per- 50 
missible. After impregnation, the sample is air dried at 
room temperature. Other conventional drying techniques, 
e.g. dessication, may also be used. 

The dried material is crushed into small particles taking 
care not to introduce contaminants. The material is quite 55 
friable at this point and may be particulated using a roll 
crusher. Good yields of fractions of both coarse and fine 
particles are obtained when the gap setting of the rolls is 
about 0.090 in. The setting may be adjusted to give coarser 
or fined particles. However, ball milling is not desirable GO 
since this results in excessive fines and tends to introduce 
contamination. When the starting material is in the form 
of particles, crushing may be eliminated. 

The crushed particles are now screened by conventional 
procedures. The density of the foam is directly related to 65 
the particle size, i.e. the finer the particles, the denser the 
foam and vice versa. This may be explained by the fact 
that smaller particles pack more densely and degas easier, 
and in addition, then tend to entrap less moisture. Typical 
values for particle sizes given in terms of U.S. Standard 70 
Sieves for specific foam densities and the percentages by 
weight are listed in the table below. It should be noted 
that these values are also to some extent influenced by 
the firing temperature, the impregnation time, and the 
geometry of the firing mold. 75 



TABLE I 

Grain size vs. density 

Density g./cc: Mesh classification: 

0.22 —4 +20 

0.33 50% -20 4-40 

50% +20 

0.45 —20 +40 

0.55 -20 +60 

0.55 50% -20 +40 

50% —60 + fines 

0.62 50% —40 +60 

50% —20 +60 

0.70 75% —60 +fines 

25% —20 +40 

0.70 75% —40 +60 

25% -20 +60 

0.80 —40 +60 

0.89 90% —60 +fmes 

10% —20 +40 

1.0 90% —60 -{ fines 

10% —20 +60 

1.0 75% —40 -[ fines 1 

25% —20 +60 

1 Xonporous glasy particles having the identical composi- 
tion. 

The porous particles are then subjected to a particle 
drying procedure to remove some of the mechanically 
held water. The purpose is to prevent gas pockets or voids 
from being formed when the porous glass particles are 
flash-fired. If the glass particles are not partially dried, 
a nonuniform foam is produced. It is recommended to 
place the particles in a furnace mold that will also be 
used in the final sintering step. The samples are preheated 
at a temperature ranging from about 200-500° C, but 
the temperature should not exceed 600° C. The heating 
time varies from 2-5 hours depending on the thickness and 
size of the glass particles and the depth of the charge being 
dried. 

The porous glass particles, which have previously been 
partially dried, are then sintered and foamed almost si- 
multaneously. The foaming agent is water vapor which is 
derived primarily from the water of constitution (silanol 
groups) and also from the decomposition of boric acid. 
Expansion of the porous glass granules and the sintering 
of the granules occurs at temperatures of 1300-1425, with 
about 1400° C. being preferred. The glass must be flash 
fired so that the pores are closed very rapidly to prevent 
escape of the water vapor liberated by the glass and the 
boric acid. The particles expand near the final firing tem- 
perature. At this point the glass is fluid enough to permit 
movement and is in a viscosity range so that it can ex- 
pand, but the temperature is still below the softening point 
of the glass. 

Specific procedures for molding foamed articles are 
given in the following examples. 

EXAMPLE 1 

Porous particles of a leached borosilicate glass were im- 
pregnated with an aqueous solution of boric acid. The 
dried particles having a grain size of — 20 to +40 mesh 
U.S. Standard Sieve and a pore size of 10—25 A were 
placed in a Vycor tray lined with an alumina-silica ceramic 
fiber. The tray was placed into an oven at a temperature 
of 500° C. for a period of 2 hours. Thereafter the tray 
was immediately transferred to an oven at a temperature 
of 1400° C. for a period of 2 hours. The resulting foam 
had a density of 0.5 gms./cc. The foam was then ma- 
chined to the desired shape. 

EXAMPLE 2 

A slip casting mixture was prepared using an aqueous 
vehicle, presaturated with boric acid, and consolidated 
96% silica particles substantially passing through a 325 
mesh screen. To this mixture were added porous glass 
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particles having a size of — 20 to +60 mesh sieve and 5. The method of claim 1, wherein the particulated 

which had been impregnated with boric acid as described material is slip cast prior to the foaming step, 

hereinabove. 6. The method of claim 2, wherein the leaching step 

The final mixture contained 40% by weight porous is performed using a dilute mineral acid solution, 

glass particles and 60% by weight consolidated glass 5 7. The method of claim 1, wherein the borosilicate glass 

particles based on the ceramic content of the slip. There- consists essentially as calculated from the batch in weight 

after the new mixture was dispersed by rolling in a six gal- percent on the oxide basis of: 

Ion plastic bottle for 16 hours and drain cast in a coni- Ingredient * Ranee nercent 

cally shaped mold to a piece having a thickness of 5 A ' g ' $5-70 

inch. Any loss of boric acid during slip casting was con- xo 20-40 

sidered to be negligible. The piece was allowed to dry at RO 1-10 

room temperature for 24 hours and then placed under q ~~ 

radiant heaters for about 3 days. 2 3 

The piece was thereafter preheated for 16 hours at a wherein R is an alkali metal, 

temperature of 450° F. and thereafter tired in a kiln at 15 8. The method of claim 7 wherein said borosilicate glass 

1350° C. The resulting product had a density of 0.47 gm./ consists essentially as calculated from the batch in weight 

cc . ~ percent on the oxide basis of: 

Unlike the conventional glass foams discussed herein- Ingredient: Range percent 

above, the low-expansion, high-silica glass foams do not Si0 2 * ._ __ _ _ ' 58-65 

require annealing. 20 B 2 0 3 Z ZZZZZ ZZZZ ~ 20-30 

It will be appreciated that the invention is not limited j^q _ _ __ _ „ 4_9 

to the specific details shown in the illustrations and ex- A1 2 0 3 ZZZZZZZZ- Z Ill" I 0-3 

amples, and that various modifications may be made with- 
in the ordinary skill in the art without departing from the wherein R is an alkali metal. 

spirit and scope of the invention. 25 9 ' The method of claim 8 wherein said composition 

We claim: consists essentially of: 

1. A method of making a high-silica glass foam com- Ingredient: Amount 
prising the steps of: Si0 2 61.6 

(a) forming a body of a borosilicate glass containing Na 2 0 8.04 

a maximum of 70% by weight of silica capable of 30 B 2 0 3 28.2 

separating into a silica-rich phase and a silica-poor A1 2 0 3 1.9 

phase; As 2° 3 0.3 

(b) leaching the silica-poor phase to produce a porous 

high-silica body having a pore size in the range of References Cited 

10-25 A.; 35 UNITED STATES PATENTS 

(c) impregnating the porous body with an aqueous 2 ,215,039 9/1940 Hood et al 65—31 

boric acid solution at a temperature of 90-100° C. 2 336 227 12/1943 Dalton 65 31 

for a sufficient time; 2^355/746 8/1944 Nordberg 65— 31 

(d) particulating the impregnated glass; 2 691 24g 10/1954 Ford 65— 22X 

(e) drying the particulated material at a temperature 40 2'834'738 5/1958 Vincent _ ~T"_ ~~ 65 18X 

of 200-500° C. to remove excess water; and 3* 149946 9/1964 Elmer " 1_T _1 65— 3 IX 

(f) foaming the .particulated material at an elevated 3 AS5 ] 6S7 12/1969 Chapman" 65— 31X 

temperature of about 1300-1425 C. to form a fused 3 ,505,089 4/1970 Rostoker 65— 22X 

foamed glass body 3,513,106 5/1970 Chapman 65— 31X 

2. The method of making the glass foam of claim 1, 45 

wherein the density of the product is in the range of 0.22- FOREIGN PATENTS 

1.0 gm./cc. 178,726 3/1966 U.S.S.R. 106—40 

3. The method of claim 1, wherein said boric acid 

solution contains about 15-20 grams H 3 B0 3 per 100 cc. FRANK W. MIGA, Primary Examiner 

of water. 50 tt<? r-l 

4. The method of claim 1, wherein said dried particu- ^ 
lated material is molded into a foamed article. 65 — 18, 19, 20, 31; 106 — 40 
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and an oxide of a metal having a nigh melting and boil- 
ing point such as an oxide of molybdenum, tungsten or 
vandium all in pulverulent form, heating the mixture to 
a temperature at which it sinters and coheres and at 
which the gassing agent and the metal oxide such as 
molybdenum oxide react to produce gases which expand 
to form minute, non-communicating cells within the 
glass, cooling the cellulated glass and thereafter anneal- 
ing it. 

In the production of the cellulated glass, a glass of 
conventional formulation may be employed as the prin- 
cipal ingredient of the batch which is prepared for 
cellulation. For example, it may comprise ordinary 
lime-soda glass such as is employed in windows, and 
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15 Claims. (CI. 106—40) 10 

This invention relates to cellular glass bodies of im- 
proved cell structure and more uniform cell wall thick- _ < 

ness which are suitable for use as insulating materials 15 which consists essentially of silica, lime and soda 
and it has particular relation to cellular glass bodies 
tormed by bloating or cellulating partially fused glass. 

It is known that highly cellulated glass suitable for 
use as an insulating material and other applications, may 
be prepared by heating a mixture of finely pulverized 
glass and an agent designed to give off gases at tempera- 
tures near the melting point or sintering point of the 
glass. A gassing agent which has been found to be quite 
useful is pulverulent carbon which may be used in the 
form of pulverized carbon, lamp black, carbon black, 
channel black, powdered coal, charcoal or graphite or 
any other form of finely divided carbon that is readily 
combustible. Other suitable gassing agents which have 
been used include calcium sulfate, calcium carbonate and 
carbon containing compounds such as urea. 

One of the problems encountered in the manufacture 
of these cellulated glass bodies is the production of a 
cellulated glass body wherein the cell walls of the article 
are of uniform thickness and maximum strength. The 
properties of uniform thickness and maximum strength 
of cell walls are important in the manufacture of the 
cellulated article as well as in its use. During the manu- 
facture of the cellulated glass article, it is desired to have 

the cell walls formed of uniform thickness and maximum , , „ - , ~~ — ... , 

strength by the expanding gases so as to prevent prema- 40 weight of the three-component mixture, but larger 
ture breakdown of the cell walls during the cellulation. 
Uniform thickness and maximum strength of cell walls 
are important in the use of the cellulated glass bodies to 
enable the bodies to carry higher loads under compres- 
sion. 

In accordance with the present invention, a cellular 
glass article is provided which has improved durability, 
low thermal conductivity, higher structural strength for 
a given density, a finer cell structure and more uniform 
< cell wall thickness. This article is composed of a cellu- 
lated body of glass having a plurality of non-communicat- 
ing- cells filled with a gas such as CO2 and having a metal 
such as molybdenum, tungsten or vanadium interspersed 
in and on the cell walls. 

A sectional view of a slab of the cellulated material 
is shown in the drawing. The material is made up of 
cellulated glass 1 having a plurality of non-communicat- 
ing; cells 3 filled with a gas. The walls 5 of the cells are 
partially or fully coated with a fine film of metal 7 such 
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appropriate amounts, as is well known. This glass may 
also be modified by the inclusion of certain amounts of 
other ingredients, such as alumina, magnesia, borax, etc. 

The glass is finely pulverized, for example, to a parti- 
cle size that will pass a screen of 200 mesh or finer. This 
finely pulverized material may be ground with the gassing 
agent, e. g., finely divided carbon. The amount of fine- 
ly divided carbonaceous material is susceptible of cer- 
tain variation but, in any event, the amount required is 
never very large, usually being within the range of 0.1 
to 5 per cent by weight of the batch. For example, in 
lamp black, the ratio will be approximately 0.5 to 1 per 
cent by weight, although slightly larger or smaller 
amounts may be employed. With carbon black, the 
ratio is even smaller, e. g., 0.15 to 0.2 per cent. 

Various oxides of the metals mentioned above may be 
added to the pulverulent mixture of glass and gassing 
agent. Molybdenum anhydride has been found to be 
preferable, but molybdenum sesqui oxide, dioxide, and 
pentoxide, tungsten di- and trioxide and the various 
vanadium oxides have been found to be suitable. The 
amount of molybdenum oxide which is added to the 
mixture of pulverulent glass and gassing agent prior to 
cellulation is preferably within 0.05 to 1.0 per cent by 
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amounts may be used. The components of the mixture 
above described are very carefully admixed, for example, 
by gradual or periodic addition of the carbon and molyb- 
denum oxide to the glass, cullet as it is being ground upon 
a ball mill. 

As an alternative to the procedure described above 
a glass already containing the metal oxide may be pul- 
verized and mixed with the gassing agent. The amount 
of metal oxide necessary when formulated with the glass 
will be slightly larger than when incorporated separately. 

The mixture of glass, molybdenum oxide and gassing 
agent or agents is ground as fine as practicable upon the. 
ball mill and is then ready for heating to form cellular 
glass. This heating operation is performed preferably in 
a reducing atmosphere and may be done by placing the 
mixture in appropriate amounts in suitable molds of suf- 
ficiently refractory material. Molds of stainless steel con- 
taining high percentages of nickel and chromium are 
especially suitable for the purpose. The molds are so 



as molybdenum, tungsten or vanadium. Also present in qq constructed that they can be substantially closed, thus 



the cell walls 5 are small amounts of the metal 7 as 
shown at 10. 

For purposes of illustration, the slab of cellulated ma- 
terial has been enlarged many times. The average size 
of a cell is usually about Yb2 of an inch in diameter, how- 
ever, such size is designated merely by way of illustra-- 
tion and not by way of limitation. The cells can be 
quite small or much larger, for example, Va inch in di- 
ameter or larger. Large cell size gives a product of 
lower density but also lower compressive strength. 

The cellular glass which is the subject of this invent 
tion, i& produced by commingling glass, a gassing agent 
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protecting the mixture to be sintered from oxidation 
during the heating operation. The. molds should usual- 
ly be approximately y 7 filled,, though of course, this will 
depend to some extent upon the degree of cellulation de- 
sired in the final product. In any event the amount 
should be adjusted so as to just fill the mold when full 
cellulation is attained. 

The molds may be heated in any convenient furnace-, 
but in commercial operation a tunnel furnace having 
suitable conveyor apparatus, such as a train of rollers 
designed to carry the molds slowly through the heating 
zone is to be desired. The heating, operation is con- 
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ducted slowly because of the low conductivity of the 1.0% of metal oxide selected from the group consisting 

powdered materials. Usually it will be completed with- of oxides of molybdenum, tungsten and vanadium with 

in a period of about 3 to 5 hours depending upon the 0.1 to 5% carbon, heating the mixture in a mold to a 

thickness and size of the bodies to be formed. The tern- temperature sufficient to soften and sinter together the 

perature of heating should be sufficient to soften and 5 particles of glass and to cause the carbon to react to 

sinter together the particles of glass and also to cause the form gases until a cellular glass of desired size is formed 

gassing agent to react. This mass should never be com- and cooling the cellular glass. 

pletely melted. The temperature of heating will vary with 6. A method of producing cellular glass which corn- 
individual glasses, but usually will be in or near the range prises mixing a finely pulverized glass containing 0.05 
of 1400 to 1800° F. 10 to 1.0% of molybdenum oxide with 0.1 to 5% pulveru- 

The bodies of cellular material as obtained by the fore- lent carbon, heating the mixture in a mold to a tempera- 
going process should be cooled slightly externally, stripped ture sufficient to soften and sinter together the particles 
from the molds and annealed in order to relieve inter- of glass and to cause the carbon to react to form gases 
nal stresses in the glass. The products after annealing until a cellular glass of desired size is formed and cool- 
are trimmed to size and shape. 15 ing the cellular glass. 

Such process produces bodies of a high degree of uni- 7. A method of producing cellular glass which corn- 
form cellularity. The addition of a metal oxide such as prises intimately mixing finely pulverized glass, 0.1 to 
a molybdenum oxide to the pulverulent glass and gassing 5% carbon and 0.05 to 1.0% of metal oxide selected 
agent changes the surface tension of the cellulating glass from the group consisting of oxides of molybdenum, 
in such manner that a minimum amount of cell break- 20 tungsten and vanadium, heating the mixture in a mold 
down occurs during cellulation, thus producing a finer to a temperature sufficient to soften and sinter together 
cell structure with more uniform wall thickness. The the particles of glass and to cause the carbon and metal 
specific gravity of the product will be approximately oxide to react to produce gases, discontinuing the heat- 
within a range of 0.14 to 0.18. Because of the large ing when the gases developed within the glass increase 
amount of entrapped gases, the resistance to transmission 25 the volume thereof to the desired extent whereby cells 
of heat is greater than that of less highly cellulated prod- are formed which are noncommunicating, cooling and 
ucts. annealing the cellular glass product thus formed. 

The products are characterized by a high structural 8. A method of producing cellular glass which corn- 
strength for a given density. Such high structural prises intimately mixing glass, 0.1 to 5% carbon and 0.05 
strength is due to the high degree of cellulation as well 30 to 1.0% molybdenum oxide, all in pulverulent form, 
as uniformity of cellulation and uniformity of cell wall heating the mixture in a mold to a temperature sufficient 
thickness which is rendered possible by the addition to soften and sinter together the particles of glass and to 
of the metal oxide to the pulverulent batch which is cause the carbon and molybdenum oxide to react to form 
used in the manufacture of the glass. The high struc- gases, discontinuing the heating when the gases devel- 
tural strength is also believed to be due to a coating 35 oped within the glass increase the volume thereof to the 
of the metal on the walls of the individual cells or to desired extent whereby noncommunicating cells are 
particles of the metal in the actual structure of the walls. formed, cooling and annealing the cellular glass. 
The metal results from the reaction of the gassing agent 9. An article of manufacture which comprises a cel- 
with the metal oxide during the heating and cellulating. lulated body of glass having a plurality of non-communi- 
The durability of the product is also improved by the 40 eating cells filled with a gas and having a coating of 
presence of the metal as described above. tungsten on the cell walls. 

The invention has been described with respect to the 10. An article of manufacture which comprises a cel- 

cellulation of glass but it is intended to be operable with lulated body of glass having a plurality of non-communi- 

respect to the cellulation of other materials such as in eating cells filled with a gas and having a coating of 

the cellulation of slag, silica, glass batch materials, nat- 4& vanadium on the cell walls. 

ural mineral silicates, etc. 11. A batch suitable for forming cellular, vitreous 
Althrough the present invention has been described products which consists essentially of a finely pulverized 
with reference to the specific details of certain embodi- glass, 0.1 to 5% carbon and from 0.05 to 1.0% by 
ments thereof, it is not intended that such details shall weight of a metal oxide selected from the group consist- 
be regarded as limitations upon the scope of the inven- _ Q ing of oxides of molybdenum, tungsten and vanadium, 
tion except insofar as included in the accompanying ° 12. A batch suitable for forming cellular, vitreous 
claims. products which consists essentially of finely pulverized 
This application is a continuation-in-part of my co- glass containing 0.05 to 1.0% of metal oxide selected 
pending application, Serial No. 734,241, filed March 12, from the group consisting of oxides of molybdenum, 
1947, now U. S. Patent No. 2,600,525, entitled "Cellular ^ tungsten and vanadium, and 0.1 to 5% carbon. 
Glass of Increased Durability." 13. A batch suitable for forming cellular, vitreous 
I claim: products which consists essentially of a finely pulverized 

1. An article of manufacture which comprises a eel- glass, 0.1 to 5% carbon and from 0.05 to 1.0% by 
lulated body of glass having a plurality of non-communi- weight of molybdenum oxide. 

eating cells filled with a gas and having a coating on the 6Q 14. A batch suitable for forming cellular glass which 

cell walls of a metal selected from the group consisting consists essentially of an intimate, finely pulverized mix- 

of molybdenum, tungsten and vanadium. ture of giass> 0 .1 to 5% carbon designed to give off gases 

2. An article of manufacture which comprises a cellu- to b j oat me mixture at the sintering point of the glass 
lated body of glass having a plurality of non-communi- and from 0 5 to 1Q% by weight of tungsten oxide, 
eating cells filled with a gas and having a coating of g5 A batch suitable for forming cellular glass which 
molybdenum of the cell walls. consists essentially of an mtimate, finely pulverized mix- 

3. An article of manufacture which comprises a cellu- ^ Qf Q l tQ $% carbon designed to ^ off 
lated body of glass having a plurality of non-communi- gase§ %Q bloat ^ mixture at th e sintering point of the 
eating cells filled with carbon dioxide and having a coat- glass and from 0 05 to 10 % by we igh t of vanadium oxide, 
ing of molybdenum on the cell walls. y 0 

4. An article of manufacture which comprises a cellu- References Cited in the file of this patent 
lated body of glass containing molybdenum and having UNITED STATES PATENTS 

a plurality of non-communicating cells filled with a gas. 2,399,225 Heany Apr. 30, 1946 

5. A method of producing cellular glass which com- 2,467,528 Hauser Apr. 19, 1949 

prises mixing a finely pulverized glass containing 0.05 to 75 2,600,525 Ford June 17, 1952 
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applications Tfce success in the development end .construction of all these Jaodraark 
structures has teen due in do small measure to the advances in the technology of 
materials, particularly prestresMng steel, and she Accumulated knowledge in esti- 
mating the short- and long-term losses in the prestr&saing forces. 



1.3 BASIC CONCEPTS OF PRESTR6SS1NG 
1.3.1 Introduction 

The prestreasicg force P that satisfies tnc paiticuJar conditions of geometry and 
loading of a given clement (see Figure 1.2) is- deteonined from ihc principles of 
mechanics and of stress-strain relationships. Sometimes simplification is necessary, as 
wben a prestressed bestin is assumed to be fcomoge&eous and elastic. 

Consider, then, a simply supported rectangular beam subjected to a cotfcenaic 
prestressiag force P as shown in Figure 1 .2(a), The compressive stress on She beam 
cross section is uniform and has an intensify 

/--£ cm) 

whereX t « ^ is the crossn^rional area of abo^sectic^of widtahnndfotaldepih 
h. Aminos sign is used for compression and zplus sign ht tension throughout ihc text 
Also, bending moments are drawn, on the tensile site of the member, 

Lf external transverse loads are applied to the beam, causing: a maximum moment 
H at mk&pan, tne resulting stress becomes 



and 



where/ 1 « stress ac the top fibers % 
ft = stress at the bottom fibers 
c = £n for the rectangular section 
to grb&s moment of inertia of the section (MVi2fa;ifi& case) 

Equation' 1 .2b indicates that the presence of pres&^sfog^ornj^ stress J*/A is 
mfaxcidjg-t2ir teitsi]e : 0exural stress Mc/1 to th&'titf&rf irrteikfcd in (he design, efchfec 
eliminating tension totally (even m4uciifi£ -ec^pressiopX ^ : jpsti^t!^^ leyil of 
tensile stress within aBownbie code ^limita. The iectronj^ 
and fcehave$ elastieally: the concrete's wafth'tyto .wimsr^ is eifec* 

lively compensated for by the; compressive fora;of .tyrpregn^ 

The eotnpcessivc stresses in Equation ljiaatme top fibers of jtte.beaunvtfeje to 
prestressing er^<xxmrwndea by me application, of ^tlle loading stmss -^c/i T as ss£ii 
in Figure 1.2(b). Hence, the compressive stress c^jpaciiy Beam to latee a 

substantial external load is recced by th& co/3ceaxr^r^tr^ssTff>s f^^rjb -brderlo 
aw?dth$s limitation, the .pre*tressjn£ tendon is placed &$s«$fe^ 

Ooftcepte Chgp. 1 
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Kfenre L2 Cbhctsje &*r west dfettbmian In. a rectangular 'tan wiflb.stiaJsfai towJoa. (is) 
concenme tcodcw, presto^ (infy (fc) GajiewRrio. faridbn, sdf;*«ii:bt ju«h1 (c> Ewtntric 

ajtis-at jnaJspiw, to wdtice. .t^ite. stresses W fbe top.fibas due to fnstestitt. <S«e 
Fj^k 1.2<c). .{d);j If thc us^'ift'plax^^ gravity 

tetm«J the cashes t mprA^ fefetotiiut fl»Me4 

Rt midspan become 
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S9ci.3 B^Ccmcetfs of Prdsa^&sJhg'. 
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Doughs Bridge Ctasssmg. OnstfneM Ctettftd, Jtkneau ecd Dmigl**, Abate. (Cswj-- 

Since the support section of a simply supported beam carries no mordent from (he 
extsrn&l transverse load, high tensile &ber stresses at the top fibers are caused by the 
eccentric pfestressing force. To limit Kich stresses, the ecwwncjry of the prestressmg 
tendAn profile* the C£i linn, is made less at the support section mail a: toe ntfdspaa 
section, or eliminated altogether, or else a ncgaiive eccentricity above the cgc Ene is 
used. 

1,12 Stale Concept ftarthod 

ii the basic except method of designing pnestnessed concrete elements, the concrete. 
£b£r stresses, are directfy computed from the catejiial forces applied » tiie concrete by 
.tatgHudioal presfecssing and the external transverse load. Equations L3a and b can * 
be modified and simplified for u«s m calculatrng stresses at the. mitiai pres&sssing, 
stage- and at service load levels- Tf J?, is .the initial presn-essing force before stress losses, 
and P, is the effective prestressxng force after lossss, then 

r fl 

can be defined as (he residua] prestress factor* Substituting r 2 For / A /Vi< in Equations 
L3, where r the radius of gyration of the gross section, the crare&fonslcr sties? 
caA be rewritten *s foOowi: 



far) Prestressing force Only 

*•-£( 



I 



(14 b) 

Whiw^c, ancles r aretfct distances.fcom the center of gravity of Ibe section (the cgctifte) 
tft-flfe extreme top and bc^tbm 6b^. reapc*:0vciy. 
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Tlas^A Yong-H^ cabb- stay*! pre- 
tfiracrt concicit bridge Tfc*jio T dm*, 
.the iwgest ipse feWgft in Asla T vsfcfc * 
.total length oft,/tt3 ft awi a wspearfftf 
feftgft of 1435 ft, was compfcfcd in 
19'8(U (Cm&f Ownw: Tianjio Mntrioptd 
Eagtoeerum Bureau. General contractor 
Major Bridge Engineering Bote&a of 
Minittry «f JUilw&ys of China. Eagtftcex 
for project design aad construction cob* 
UoJ guidance Haajta Municipal Ed- 
giceenng Sorvcy ay>d Design Jfcs&u;*, 
Chfcf 8ritf*e Ba^occr, Bang-yam Yu.) 

fity Ptestrex&tg Flus Self-weight 

If the- beam self- weight causes a mcmentMp ^thersectioayncte* consideration, 
Equations 1.4a and b respectively become 



and 



ft 



0.5 b) 



whfcrc 5' and 5* arc thc.jaipduii of the sections /or. the top sod "botloni &be*s, re- 
specttveiy. 

The change in eccentricity from the mtid^artrtQ.tJi© support, secdoais obtained 
t»y raising the pr^fcrosfcing tendoo either ahm£tly from tfee nudspan to the support, s 
process called harping, or gradually in * parabolic form,, a process; called draping. 
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fb) M»*e 1.3 Preoressiag icwlon prafite. 

<a) Harped: terdoa. (b) Draped tcartaa. 

.Figure 1.3(a) shows a haipcd profile usually used for pretfraioned beams and for 
caacc»tH*Jd transverse loads. Figure 1 .3(b) shows a draped tendon usually used in 

Subset* to erection and installation of the floor or deck, live loads acr on the 
structure, causing a suporiinposed moment M 4 . The full intensftv of such toad* nor- 
inally occurs after the building is completed aw* some time^Iependenl losses in 
prestreas have already taken place. Hence, the presm^™ force used in the stress 

^vf,!^^ If the total momenta 

to gravity load* is M r> then 

where - moment due to self* weight 

88 ******* <^ to superimposed dead load, such as flooring 
Jfs, ~ moment due to live load, including impact and sicsink loads if any 
Equations 1.5 then become 

^^Some ti-pical ejasrtc concrete strew distributions at the critical section of a- 
^e«ed flanged jection are shown ir FJgute J.4. "fto teosik. sfce*™ th&ta&rie. 
^^tlfrT »^^«6^«3 «f the section cannot excM-ft&ffiaftei* 
pomiBstMe in fte-eo*, - SV^fi, the ACT. code, it is Sorted 

propflniOned.p : resist the toM fejwale force. Wto*e 
prodded to (Mntrol eweicijs at 3CTvjk:e loads. 

1.3<3 GiLioe Method 

SrfS./tS^^ ^ Siebcamis analyzed as if it wcwaMalfi 

beam usmfc.tne basic principles of statics. The presttessma fores' is 
oonadersd an external compressive -fetec, with a consent tensile force rJnL^oa 
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to 

1.4 Elastic 6bcr ttsasscj di« to fcc rarfous )oai&L& a preslxemd bean*, 
(a) Initial pnatreu befons lease*. (b> AtSMox <rf ^wcfgjbt; <fc) Scnfee *wH* *, 



throughout {he span. la. tins ui&iiner, the effects of external ^ity toa& arc cS- 
regaitfed. Equilibrium ttpiaikms SB Q acd Sftf . - OjH^appSed-iji> tt^taifl equi- 
librium, an the* section. 

Bgore 1.5 shows ih$ relative l.hje of action of ihc compressive force C acd .the* 
tensile &rce IT in -& reinforcfcd concrete beam as ^mpftt^.t& thkrjin a g^ttcssed 
cpncretebeaia. I* is plaiivlfrat in \b rdisforc^.cdcscreit 66am, F cajrh&vs a fake value 
ofify wfatn transverse aod qiiier extc^al % toe<fe' act ^ odoment arm ff remains 
basically constant tf nought the elastic Joadmg history- of M i^£«^.e6flcrefe 

Sec t:<3 Basfc Coric^jte of PrastreSsing 13 
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DECLARATION UNDER 37 C.F.R. § 1.132 

Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, PEDRO M. BUARQUE DE MACEDO, declare that: 

1. I am the inventor and owner of the above-referenced U.S. Patent 
Application Serial No. 10/625,102 filed on July 22, 2003 in the name of Pedro M. 
Buarque de Macedo and entided "PRESTRESSED, STRONG FOAM GLASS TILES." 

2. I am familiar with the above-referenced patent application and the 
prosecution thereof before the U.S. Patent Office. I am also familiar with the Office 
Action dated September 11, 2006 issued therein. For the purposes of preparing this 
Declaration, I have reviewed the prior art references cited in the Office Action, including 
U.S. Patent No. 4,324,037 to Grady, II ("the Grady '037 Patent"), U.S. Patent No. 
3,430,397 to Ellis ("the Ellis '397 Patent"), U.S. Patent No. 3,292,316 to Zeinetz ("the 
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Zeinetz '316 Patent"), U.S. Patent No. 4,450,656 to Lagendijk ("the Lagendijk '656 
Patent"), U.S. Patent No. 4,124,365 to Williams et al. ("the Williams '365 Patent"), U.S. 
Patent No. 3,056,184 to Blaha ("the Blaha '184 Patent"), U.S. Patent No. 3,459,565 to 
Jones et al. ("the Jones '565 Patent"), U.S. Patent No. 3,592,619 to Elmer et al. ("the 
Elmer '619 Patent") and U.S. Patent No. 2,758,937 to Ford ("the Ford '937 Patent"). 
Based on my extensive academic and research experience as described below I am 
generally familiar with the field related to the above-mentioned prior art references and I 
believe that I am qualified as an expert in that field. 

3. I received a Bachelor of Science degree in Physics from George Washington 
University in Washington D.C. in 1959, and received a Ph.D. in physics from The 
Catholic University in 1963. From 1963 to 1967, 1 was employed with the National 
Bureau of Standards, and afterwards I continue to be associated with the National 
Bureau of Standards as a consultant. In 1967, 1 joined the department of mechanics at 
The Catholic University of America as an associate professor. In 1970, 1 became a co- 
director of the Vitreous State Laboratory and also a professor of chemical engineering 
and material science at the same university. Currendy, I continue to be the director of 
the Vitreous State Laboratory and am a professor of physics at the same university. The 
article in the Summer 2002 issue of the CUA Magazine, "Defending Against 
Environmental Disaster: CUA's Vitreous State Lab Has Answered the Nation's Call for 30 
Years" by Richard Wilkinson, a copy of which is attached hereto as Exhibit 1, describes 
my contributions and achievements as a co-director of the Vitreous State Laboratory. 
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4. My primary area of expertise is in glass science research. In particular, I 
have developed technologies and products in the areas of fiber optics, defense fuels, and 
radioactive waste glass formulation. I have received over 43 patents in the United States 
and many more worldwide, and have been noted as "the area's leading individual 
inventor in number of patents granted" by the January/February 1990 issue of 
Washington Business Journal Magazine. For more details of my background and areas of 
expertise, please refer to my curriculum vita attached hereto as Exhibit 2. 

5. Based on my review and understanding of all of the nine references relied 
upon by the Examiner (the Grady '037 Patent, the Ellis '397 Patent, the Zeinetz '316 
Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha '184 Patent, the 
Jones '565 Patent, the Elmer '619 Patent and the Ford '937 Patent) in the September 11, 
2006 Office Action, I conclude that none of these references discloses or suggests, either 
individually or in any reasonable combination, a prestressed foam glass tile having any 
amount of prestress compression, let alone a prestressed foam glass tile having a 
prestress compression of 4,000 psi or greater , as required by all of the independent 
claims pending in this application, Claims 1, 23, 42 and 54. 

6. By the Examiner's own admission, the first reference upon which he relies, 
the Grady '037 Patent, does not disclose a foam glass tile. See September 11, 2006 
Office Action at 3. Similarly, the Examiner also acknowledges that the Ellis '397 Patent 
does not disclose a foam glass tile. See id. at 6. I agree. Based on my review and 
understanding of these two patents, neither the Grady '037 Patent nor the Ellis '397 
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Patent discloses or suggests a foam glass tile, let alone a prestressed foam glass tile 
having any amount of prestress compression. 

7. On page 10 of the September 11, 2006 Office Action, the Examiner takes 
the position that "each of Lagendijk '656 and Zeinetz '316 does indeed, disclose 
prestressing of a foamed glass material as is set forth in the above rejection." I 
respectfully disagree. Based on my review and understanding of these two references, I 
conclude that neither reference teaches the prestressing of a foam glass tile under any 
amount of prestress compression, let alone a prestressed foam glass tile having a 
prestress compression of 4,000 psi or greater as required by all of the independent claims 
pending in this application, Claims 1, 23, 42 and 54, for the following reasons. 

8. On page 3 of the September 11, 2006 Office Action, to support his position 
that the Zeinetz '316 Patent discloses prestressing of a foam glass material, the Examiner 
points to tension bars 36, 39 in FIG. 11 of the Zeinetz '316 Patent and asserts that these 
tension members hold foam glass tiles, citing Col. 4, lines 5-9 of the Patent. However, 
based on my review and understanding of the Zeinetz '316 Patent, FIG. 11 does not 
teach or even suggest the prestressing of a foam glass tile under any amount of prestress 
compression, contrary to the Examiner's assertion. The Zeinetz '316 Patent is directed to 
a roof structure, as shown in FIGS. 1 and 2 of the Patent. In conjunction with FIG. 5, the 
Zeinetz '316 Patent further teaches that the seam 19, 119, 21 and 121 is adapted to fit 
the abutting lateral edge portions of adjacent roof elements {e.g., al, a2, b2, cl, c2, and 
d in FIG. 5). See Zeinetz '316 Patent, Col. 3, lines 1-7. FIG. 11 illustrates the section of 
FIG. 5 along the line B--B and represents " coupling means " for abutting roof elements. 
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Id., Col. 2, lines 4-6 (emphasis added). In fact, the Zeinetz '316 Patent explicitly 
describes the tension bars 36 and 39 in FIG. 11 as "a locking means for use in connection 
with a U-shaped or tubular seam 19e, 119e, 21e and 121e." Id., Col. 3, line 73 - Col. 4, 
line 4. In other words, the tension bars 36 and 39 in FIG. 11 are merely coupling or 
connecting means in conjunction with the U-shaped/tubular seam 19, 119, 21, 121 to 
keep adjacent roof elements together. I did not find any teaching or suggestion in the 
Zeinetz '316 Patent that the tension bars 36, 39 in FIG. 11 to which the Examiner points 
are the means for prestressing foam glass tiles, let alone providing prestress compression 
of 4,000 psi or greater. 

9. During my review of the Zeinetz '316 Patent, I also noted that the 
reference teaches that the rows of interengaging profiles 19, 119, 21, 121 which keep 
each roof element in wedged engagement with the adjacent elements may render 
possible the "prestressing of the shell of the cupola." Zeinetz '316 Patent, Col. 3, lines 7- 
17. However, it was apparent to me that the term "prestressing" in "prestressing of the 
shell of the cupola" is different from the prestressing as applied to foam glass tiles to 
strengthen them in accordance with the present invention. For general reference 
providing the definition of "prestressing" as used in the context of the present invention, 
please refer to EDWARD G. NAWY, PRESTRESSED CONCRETE: A FUNDAMENTAL 
APPROACH 8-10 (1989), a copy of which is believed to have been submitted to the 
Examiner previously as part of the Information Disclosure Statement. To the contrary, in 
reading the Zeinetz '316 Patent, I understood the reference to "prestressing of the shell 
of the cupola" in the Zeinetz '316 Patent to be provision of a structural support to a 
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dome by keeping all the roofing elements together in wedged engagement, hence the 
title "self-supporting roof for the Zeinetz '316 Patent. After a careful consideration of 
the teachings of the Zeinetz '316 Patent and based on my knowledge in the related field, 
I conclude that the "prestressing of the shell of the cupola" arising from wedged 
engagement of neighboring roof elements as suggested by the Zeinetz '316 Patent does 
not refer to the kind of prestressing applied to foam glass tiles as claimed in the present 
application. Furthermore, based on my knowledge and experience in the field, I find it 
hard to imagine a situation where the wedged engagement with neighboring elements as 
shown in the Zeinetz '316 Patent can provide a prestress compression of 4,000 psi or 
greater. Based on the foregoing considerations, I conclude that the Zeinetz '316 Patent 
does not teach or even suggest at all the prestressing of a foam glass tile under a 
prestress compression of any amount of prestress compression, let alone the claimed 
range of 4,000 psi and greater as required by all of the pending claims. 

10. Moreover, the Zeinetz '316 Patent teaches a litany of roofing materials that 
could be used, including glass, wood, synthetic plastic, concrete, porous concrete, 
foamed plastic, foamed glass, cardboard, sheet metal, wool, cork and fiber board. These 
materials are used in a multi-layer structure where each layer is for a different purpose 
such as a "moisture-insulating layer" consisting of a "heat insulating layer," a "load 
sustaining layer" and a "sound absorbing layer." See Zeinetz '316 Patent, Col. 4, lines 8- 
15. The kind of layer that "foamed glass" may be used for is not taught. However, the 
load sustaining layer, which is the layer that would potentially be under compression, "is 
made of concrete, for example." Id., Col. 4, line 14. In the Zeinetz '316 Patent, I find no 
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teaching that the load sustaining layer could be made of prestressed foam glass tiles as 
required by all the claims, let alone foam glass tiles having a prestress compression of 
4,000 psi or greater as required by the rejected claims. 

11. On pages 3 and 10 of the September 11, 2006 Office Action, to support his 
position that the Lagendijk '656 Patent discloses prestressing of a foam glass material, 
the Examiner points to the inner bracing cables 33, 34, the cross tie cables 36, the lower 
running cable 45, etc. that form the suspended roof structure in Figs. 1 and 2 of the 
Lagendijk '656 Patent as showing tension members holding foamed glass units in place, 
citing Col. 3, lines 30-60 and Col. 4, lines 34-37 as well as Fig. 6 of the Patent. I 
respectfully disagree. Based on my review and understanding of the Lagendijk '656 
Patent, I conclude that none of the figures and text of the Lagendijk '656 Patent relied 
upon by the Examiner teaches or even suggests the prestressing of a foam glass tile 
under any amount of prestress compression, let alone a prestressed foam glass tile 
having a prestress compression of 4,000 psi or greater as required by all of the 
independent claims pending in this application, Claims 1, 23, 42 and 54, for the 
following reasons. 

12. Like the Zeinetz '316 Patent, the Lagendijk c 656 Patent is also directed to a 
roof structure, which, in the case of the Lagendijk '656 Patent, is composed of a wire 
mesh or netting with a sprayed polyurethane foam on top. See Lagendijk '656 Patent, 
Col. 4, lines 18-20. What the cited portion of Lagendijk '656 Patent suggests, at best, is 
the use of sprayed polyurethane foam (which is not a foam glass tile) or stiff elements of 
foam glass as a roof-covering material. See Lagendijk '656 Patent, Col. 4, lines 4-44. The 
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Examiner points to the inner bracing cables 33, 34, the cross tie cables 36, the lower 
running cable 45, etc. that form the suspended roof structure in Figs. 1 and 2 of the 
Lagendijk '656 Patent as showing "tension members," but I find no teaching, nor any 
suggestion, in the Lagendijk '656 Patent that those "tension members" contribute to 
prestressing of foam glass materials used as the roof covering materials under any 
amount of prestress compression. These alleged "tension members" form a part of a 
tensioned roof structure to which a fine mesh net is anchored. See id., Col. 3, lines 47-54 
("This net or both nets, together with the post-tensioning of the roof structure, have been 
tensioned up to the final design tension, before at least a first layer of the roof covering 
is applied ." (emphasis added)); see also generally id., Col. 6, line 42 - Col. 8, line 14. The 
Lagendijk '656 Patent further teaches that the roof covering material is applied on this 
mesh net. See id., Col. 4, lines 3-10. Hence, based on the foregoing description, I find it 
physically and technically impossible for the "tension members," the cable structure 
pointed by the Examiner, to provide any amount of prestress compression to the roof 
covering materials which are, according to the teaching of the Lagendijk '656 Patent, to 
stay above those "tension members" and are applied after the bars are tensioned, not 
before . See Lagendijk '656 Patent, Col. 9, lines 44-45. 

13. Furthermore, Fig. 6 and Col. 9, lines 49-55 of the Lagendijk '656 Patent 
teach securing foam glass elements 65, which are used as part of the roof covering, to 
the glass-fibre mats 60, 61 by adhesive 66, thus providing an alternative means for 
reinforcing these foam glass materials and thereby teaching away from the prestressing 
as means for reinforcing these foam glass materials. By definition, this alternative 
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structure is again not prestressed since it is applied on top of the mesh net after the 
"tension members" are already in place and tensioned. I did not find any teaching or 
suggestion in the Lagendijk '656 Patent that the foam glass elements 65 amid the 
adhesive 66 shown in Fig. 6 be prestressed by any "tension members" such as the inner 
bracing cables 33, 34, the cross tie cables 36, the lower running cable 45, or any other 
component of the disclosed roof structure. Based on at least the foregoing reasons, I 
conclude that the Lagendijk '656 Patent does not teach or even suggest the prestressing 
of a foam glass tile under any amount of prestressing, let alone the prestress compression 
of 4,000 psi or greater. 

14. Based on my review and understanding of the remaining references relied 
upon by the Examiner, I conclude that neither Williams '365 Patent, nor the Blaha '184 
Patent, nor the Jones '565 Patent, nor the Elmer '619 Patent, nor the Ford '937 Patent 
teaches or suggests prestressing of a foam glass tile under any amount of prestress 
compression, let alone under prestress compression of 4,000 psi or greater. 

15. Based on my review and understanding of all of the nine references relied 
upon by the Examiner (the Grady '037 Patent, the Ellis '397 Patent, the Zeinetz '316 
Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha '184 Patent, the 
Jones '565 Patent, the Elmer '619 Patent and the Ford '937 Patent) in the September 11, 
2006 Office Action, I conclude that none of these references discloses or suggests, either 
individually or in any reasonable combination, a foam glass tile having a compression 
strength of 10,000 psi or greater prior to being prestressed as required by independent 
Claims 1 and 23 and their respective dependent claims. In particular, to support the 
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rejection of Claims 1, 5, 13, 14, 23, 27, 29-31 and 37, the Examiner takes the position 
that either the Williams '365 Patent or the Blaha '184 Patent suggests a foam glass tile 
having a compression strength of 10,000 psi or greater. See September 11, 2006 Office 
Action at 3. I respectfully disagree. Based on my review and understanding of the 
Williams '365 Patent and the Blaha 184 Patent, I came to a conclusion that neither 
reference teaches or suggests a foam glass tile having a compression strength within the 
claimed range of 10,000 psi or greater for the following reasons. 

16. On page 3 of the September 11, 2006, to support his position that the 
Williams '365 suggests a foam glass tile having a compression strength within the 
claimed range of 10,000 psi and greater, the Examiner points to the following portion of 
the Williams '365 Patent: "Such a material should be readily available, easily formed in 
lengths up to 100 feet, be able to withstand a stress of 5,000-8,000 psi . . ." Williams 
'365 Patent, Col. 1, lines 36-38 (emphasis added). However, this disclosed range falls 
short of and does not overlap at all with the claimed range of compression strength of a 
foam glass tile starting from 10,000 psi and higher as required by the rejected claims. 
Based on my knowledge and experience in the field, this difference in compression 
strength is substantial and the Williams '365 Patent does not explain how such 
substantial difference in compression strength can be overcome. 

17. Moreover, Williams' '365 Patent does not even disclose "foam glass tiles," 
let alone " prestressed foam glass tiles" as required by the present claims. Indeed, the 
following portion of the Williams '365 Patent cited by the Examiner on page 11 of the 
September 11, 2006 Office Action in support of his position is the evidence: " In such 
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form, the foamed glass product can be used as a structural member in a number of 

industries including the housing industry as a bearing member " Williams '365 

Patent, Col. 1, lines 19-22 (emphasis added). However, "such form" in the cited portion 
of the Williams '365 Patent refers to a "foamed glass" produced "in the form of elongate 
members, more particularly in the form of hollow elongate cylinders" as recited in the 
sentence in the Williams '365 Patent just before the cited portion. Hence, it is clear that 
the Williams '365 Patent is directed to an elongate structure of foam glass rather than 
foam glass tiles as in the present invention. In fact, the description of the preferred 
embodiment of the Williams '365 Patent is directed to production of foam glass in the 
form of hollow elongate cylinders so that it can be used as conduit such as sewer pipe, 
telephone pole, or power line. See Williams '365 Patent, Col. 1, lines 14-25 & FIG. 3. 
However, based on my knowledge and experience in the field, I find that, unlike in the 
case of foam glass tiles, prestressing of these foam glass hollow elongate cylinders to be 
used as conduit, telephone poles, etc. would not be desirable, nor is it technically 
feasible or economical. Based on at least the foregoing reasons, I came to a conclusion 
that the Williams '365 Patent does not teach or even suggest a foam glass tile having a 
compression strength within the claimed range of 10,000 psi and greater. 

18. On page 3 of the September 11, 2006 Office Action, in support of his 
position that the Blaha '184 Patent suggests the claimed range of compression strength, 
the Examiner points to a portion in the Blaha '184 Patent disclosing a slab of cellular, 
agglomerated material having a compression strength "in excess of 1200 pounds per 
square inch." Blaha '184 Patent, Col. 3, lines 26-28. However, the compression strength 
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of 1,200 psi as disclosed by the Blaha 184 Patent falls far short of 10,000 psi, the lower 
end of the claimed range of compression strength required by the rejected claims. 
Furthermore, I do not find any teaching or suggestion of a foam glass tile having a 
compression strength of 10,000 psi or greater from a vague statement in the Blaha 184 
Patent that the cellular material is to be "sufficiently strong to be used for structural 
purposes," on which the Examiner relies on page 11 of the September 11, 2006 Office 
Action to support his position. Blaha 184 Patent, Col. 1, lines 27-28. Even with my 
knowledge and experience in the field, I do not find that such a vague statement explains 
how a huge gap in compression strength of a foam glass tile between a mere 1,200 psi as 
disclosed by the Blaha 184 Patent and 10,000 psi or greater as required by the rejected 
claims can be technically overcome. Moreover, this statement does not teach that the 
resulting material can or should be prestressed. Simply put, the Blaha 184 Patent does 
not teach or suggest at all a foam glass tile having a compression strength within the 
claimed range of 10,000 psi or greater, let alone a prestressed foam glass tile with the 
claimed compression strength and prestress compression. Based on at least the 
foregoing reasons, I came to a conclusion that the Blaha 184 Patent does not teach or 
even suggest a foam glass tile having a compression strength within the claimed range of 
10,000 psi and greater. 

19. Contrary to any of the references cited by the Examiner in the September 
11, 2006 Office Action, my co-pending application, U.S. Patent Application Serial No. 
10/625,071, which has been incorporated by reference into the present application, 
actually describes the making of a foam glass tile having a previously unattainable 
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compression strength of 10,000 psi or greater. The properties of foam glass samples 
produced in accordance with the incorporated '071 Application are summarized in 
TABLE 1 in the present application. See also infra Pars. 26 & FIGS. 1-3. 

20. Based on my knowledge and experience in the field, I understand the basic 
principle that by applying prestressing, the resulting compression strength of the 
prestressed product will decrease by the prestress amount while the resulting tension 
strength will increase by the same amount. I also understand that the optimum prestress 
level is defined in the field to be where a tension strength becomes comparable to a 
compression strength as the result of prestressing. In other words, the optimum 
prestress level is one half of the difference between the compression strength and the 
tension strength under non-prestressed condition. See generally EDWARD G. NAVVY, 
PRESTRESSED CONCRETE: A FUNDAMENTAL APPROACH 8-13 (1989). Based on the 
foregoing, I calculated the optimum prestress level for the foam glass tiles described in 
TABLE 1 of the present application and found it to be approximately 44% of the 
compression strength of the foam glass tile prior to being in the prestressed condition. 
For example, for a foam glass tile having a compression strength of 10,000 psi prior to 
being in a prestressed condition, the corresponding optimum prestress compression is 
approximately 4,400 psi; for the one having a compressional strength of 12,500 psi prior 
to being in a prestressed condition, the corresponding optimum prestress compression is 
approximately 5,500 psi, etc. 

21. As I concluded above, none of the references relied upon by the Examiner 
discloses the range of compression strength of a foam glass tile that reaches anywhere 
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near 10,000 psi. At best, the greatest amount of compression strength disclosed by the 
prior art is 8,000 psi, which is casually mentioned by the Williams '365 Patent, without 
any disclosure of how to go about achieving it, for an elongated tube, not a foam glass 
tile. For a foam glass tile having 8,000 psi, as I discussed above, the corresponding 
optimum prestress compression would be set at about 44% of 8,000 psi, or 3,500 psi. 
Based on the foregoing, I would expect that a prestress compression of 4,000 psi or 
greater would not be applied based on the compression strength disclosed by the prior 
art relied upon by the Examiner, including the Williams '365 Patent, as it would deviate 
from the optimum prestress level. 

22. I also do not find credible the claim by the Williams '365 Patent that the 
elongated tube having a length of up to 100 feet and a compression strength of up to 
8,000 psi should be readily available, which the Williams '365 Patent casually mentions 
without any support. See Williams '365 Patent, Col. 1, lines 14-25 and 36-38. Based on 
my long years of research experience and extensive knowledge in the field, such feat 
would be considered impossible even with today's foam glass technology, let alone in 
1978, the issue date of the Williams '365 Patent. In fact, I did not find in the description 
of six examples in the Williams '365 Patent any indication of the success of such feat. 

23. Based on my review and understanding of the Williams '365 Patent, I also 
find such claim by the Williams '365 Patent to be inconsistent with its later description of 
elongate foamed ceramic products made under the procedure it teaches. The elongate 
foamed ceramic product that the Williams '365 Patent teaches how to make has a 
cellular structure of closed, elongate bubbles with a diameter ranging from 0.01 mm to 1 
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cm and a length ranging from 2 mm to 5 cm. See Williams '365 Patent, Col. 2, lines 19- 
33. Based on my knowledge and experience in the field, while a small pore size by itself 
may not be a sufficient condition for a strong foam glass product (see also infra par. 25), 
it is a necessary condition and I doubt that a foam glass product having largest bubbles 
reaching 1 cm and 5 cm in diameter and length, respectively, could achieve a 
compression strength as high as 8,000 psi, let alone the claimed range of 10,000 psi or 
greater. I also note that none of the examples described by the Williams '365 Patent has 
an average pore size less than 1.0 mm. See, e.g., Williams '365 Patent, Col. 6, lines 62-63 
and Col. 8, lines 5-6. None of the examples provides any compression strength data, but 
based on the bubble sizes reported by the Williams '365 Patent, I doubt that any of the 
examples described in the Williams '365 Patent would be able to achieve a compression 
strength of 8,000 psi, let alone the claimed range of 10,000 psi and greater. 

24. Based on my review and understanding of the Jones '565 Patent, the Elmer 
'619 Patent and the Ford '937 Patent, I conclude that none of these references, either 
individually or in combination with any other cited prior art, teaches that their disclosed 
pore sizes lead to a foam glass product strong enough for the purpose of prestress 
compression within the claimed range of independent Claims 42 and 54 and their 
respective dependent claims. 

25. As shown in TABLE 1 of the present application and the incorporated '071 
Application (see supra Par. 19), the present application teaches a way in which foam 
glass tiles having a pore size of less than 1.0 mm are strong enough to have the claimed 
compression strength prior to prestressing and the claimed prestress compression 
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required by the pending claims. However, the small pore size is a necessary but not, by 
itself alone, sufficient condition for the strong foam glass tiles strong enough for 
application of the claimed prestress compression. For example, even if its average pore 
size is small, the foam glass material may still have a low compression strength if the 
pores are dense and highly interconnected. In fact, the Jones '565 Patent discloses such 
a foam glass article having 18% open cells indicating a high degree of 
interconnectedness and a small compression strength of 129.6 psi. Jones '565 Patent, 
Col. 8, lines 72-75. The Elmer '619 Patent also focuses on "interconnecting pores" as the 
defining characteristics of its foam glass article. Jones '565 Patent, Col. 2, line 7. The 
Ford '937 Patent discloses a cellulated glass product having the specific gravity of 0.14 to 
0.18, Ford '937 Patent, Col. 3, lines 22-24, which corresponds to a low density of 9 to 12 
PCF. Such a low density cannot lead to a foam glass product strong enough for the 
purpose of prestress compression within the claimed range of 4,000 psi and greater. 
Neither the Jones '565 Patent, nor the Elmer '619 Patent, nor the Ford '937 Patent 
teaches or even suggests that the disclosed pore sizes lead to a foam glass product strong 
enough for the purpose of prestress compression of 4,000 psi or greater as required by 
the pending claims. 

26. By way of comparison, the color photographs in FIGS. 1-3 below this 
paragraph show the cross sectional views of the un-prestressed foam glass tile samples 
made in accordance with the incorporated '071 Application. In fact, FIGS. 1-3 
correspond respectively to Examples 5-7 in TABLE 1 of the present application. Once the 
corresponding samples were made, they were cut to take the measurements of various 
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properties, revealing the cross sectional views shown in FIGS. 1-3. FIG. 1 corresponds to 
a foam glass tile of Example 5 having an average pore size of 0.8 mm. The measured 
compression strength of Example 5 is 10,500 psi. Similarly, Example 6 shown in FIG. 2 
has an average pore size of 0,6 mm. It achieves a compression strength of 12,500 psi. 
Example 7 shown in FIG. 3 has an average pore size of 0.3 mm and achieves a 
compression strength of 14,600 psi. All of these samples corresponding to FIGS. 1-3 are 
strong enough for a prestress compression within the claimed range of the pending 
claims (i.e., 4,000 psi or greater). 
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FIG. 2: Example 6 of Present Invention in TABLE 1 
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27, In summary, in my reading of the prior art references, at best, the Jones 

'565 Patent, the Elmer -619' Patent and the Ford '937 Patent merely teach that small 

pores can exist in foam glass materials. However, I did not find any teaching or even 

suggestion in any of these references that foam glass tiles made with small pore sizes in 

an appropriate manner can also have the compression and prestress strengths taught and 

claimed by in the present application. 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 




3655023 



Page 19 of 19 



